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ABSTRACT

The cell-mediated immune system plays an important role in protective immunity against

Mycobacteriwn leprae. The aim of work presented in this thesis was to study various T cell

responses in mice to one protein of M.leprae, designated the 18 lDa protein.

Mice were immunised with recombinant 18 kDa protein and lymph node cells tested later in

proliferative T cell assays. The in virro response was specific for the 18 kDa protein and

proliferation dependent on the immunising dose as well as invito antigen concentration. The

proliferative response rcquired CD4+ T cells, which recognised the antigen in the context of maju

histocompatibility class II molecules. The T cell response was tested in various recombinant and

congenic pain of mouse strains. BALB/cJ (H-2d), BALB.B (H-2b), B10.BR (H-2k), and B10.M

(tt-z\ mice were all high responder strains, while the C57BL/I0J (I{-2b) mouse strain was a low

responder. By comparing the genetic characteristics of these high and low responding strains, it

was deduced ttrat both H-2 and non-H-2 gene(s) contributed to the magnitude of responsiveness.

F1 progen! mice from high and low rcsponder parents responded in a way that showed that high

responsiveness was inherited in a dominant manner. Limiting dilution assays indicated that the

frequency of cells proliferating in response to the 18 kDa protein correlated with high and low

responsiveness of cells from secondary lymphoid tissue. The low frequency of C57BL10/J

responding lymphocytes to the 18 kDa protein probably accounted for the reduced in vitro IL-Z

production observed in this mouse strain.

The T ccll response of mice immunised with either the 18 kDa or M.leprae antigens revealed

the following. The 18 kDa protein-primed lymph node cells responded to both M. leprae nd
M. tubercuJasis, suggesting a sharcd 18 kDa protein T cell epitope by these pathogens. The

M.leprac-primed lymph node cells showed no significant response to the 18 kDa protein, but

responded similarly to M. leprae and M. tuberculosr,s antigens. The results were obtained using

both bulk cultures and limiting dilution experiments. This indicated that the l8 kDa protein was

probably not a dominant antigen in primary murine immune responses against M. leprae.

Proliferative T cell epitopes on the 18 kDa protein were examined in several mouse strains.

Each mouse strain responded to one dominant regton after immunising with 18 kDa protein. The

dominant T cell epitope was not identical in all strains. The peptide consisting of residues rc6-l25

of the 18 kDa protcin was dominant in BALB/cJ and BALB.B mice, whereas the BIO.BR mice

responded to peptide 31-50 and C57BU10J mice to peptide 16-35. Lymph node cells primed with

individual synthetic peptides and challenged with 18 kDa protein invitro revealed additional T cell

epitopes which werc not recognised following immunisation with 18 kDaprotein.
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C)rtotoxic T cell epitopes on thc l8 kDa molecule were investigated, using an invitro-priming

system. Only one region of the 18 kDa protein elicited cytotoxic T cell responses. This T cell

epitope was restricted to mouse strains of H-2b haplotype. The cytotoxic response was a feature

of CD8+ T cells and the lysis of target cells depended upon peptide concentration. Cells infected

with a rrecombinant retrovirus carrying the 18 kDa gene were used to prime mice for the induction

of cytotoxic T cells in vivo. Cytotoxic T cell rcsponses were detected but none were specific for

the 18 kDa protein.

Inflammatory T cell responses to the 18 kDa protein were investigated in a number of mouse

strains, using a delayed-type hlpersensitivity foopad assay. The C57BL/10J mouse strain elicited

a similar or even greater response than other strains tested, in contrast to proliferative T cell

responses where C57BL/I0J was a low responder strain. The number of immunisations

influenced the type of immune response elicited in mice. Multiple immunisations with the 18 lDa

protein resulted in a reduced delayed-type hypersensitivity response concomitant with the

appearance of antigen-specific IgG antibodies.

Several 18 kDa-specific T cell lines derived from BALB/cJ, B10.BR, and CSTBL|IOJ mouse

strains were generated. T cell lines from the BALB/cJ strain showed characteristics of Tg1 and

TsQ phenotypes and one line responded to peptide 4G65 of the 18 kDa protein. The B 10.8R- and

Cs7Bl./lOJderived T cell lines responded to peptide 3l-50 and 106-125 rcspectively and secrcted

IL-3 upon stimulation, but neither IL-2 nor IL-4 were detected.

Various subsets of T cells might play different roles in the immune response against

pathogens. The T cell subsets involved in protection might not be identical to those eliciting a

srong immunological reaction. T cell responses against intracellular parasites are discussed in

relation gr factcns that govern protective immunity.
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INTRODUCTION

The ultimate goal of the work presented in this thesis is development of a new generation

peptide-vaccine against Mycobacteriun leprae, the etiologic agent of leprosy (Hansen's disease).

Progress in this research depends upon acquiring a better understanding of host-parasite

interactions and how anti-intracellular parasitc immunity is regulated, particularly in relation to

leprosy. The introductory chapter is a summary overview of our present knowledge in this field.

1.1 LEPROSY: THE DISEASE

The first identified human bacterial pathogen was M. leprae. In 1873, G.A. Hansen studied

biopsies from a leprosy patient and found what he believed was the bacterium that causes leprosy

(flansen, 1874). This bacterium was later designateA M.leprae, which is an obligate intracellular,

gram-positive and acid-fast bacillus. The World Health Organization (WHO) estimates that

leprosy afflicts 10-15 million individuals and protective immunity to the disease correlates with the

efficacy of the host's cell-mediated immune system (Ridley and Jopling, 1966). Leprosy

comprises a broad clinical spectrum and can result in extensive physical deformation (Bloom and

Godal, 1983). Patients with the tuberculoid form of disease have few localised lesions containing

small numbers of bacteria and possess a strong cell-mediated immune response to M. leprae

antigens. The lepromatous form of disease is associated with numerous skin lesions containing

large numbers of acid-fast bacilli and the patient's cellular immune system is specifrcally

unresponsive to M. leprae antigens (Bloom and Mehra, 1984). Serum M. leprae -specific

antibodies in leprosy patients are detected across the disease spectrum but are more extensive

towards the lepromatous end- I-eprosy is thought to be transmined through the upper respiratory

tract and after an infection becomes established, M. leprae bacteria are commonly isolated from

macrophages, Schwann cells in the skin, nerve, and muscle tissue (Kaplan and Cohn, 1986).

1.1.1 Control of Leprosy

Immunity to intracellular bacteria is probably dependent upon cell-mediated immune responses

rather than humoral antibodies (Mackaness and Blanden, 1967) and protective immunity against

M.leprac and other mycobacterial species mightrely on antigen-specific helperT cells @loom and

Godal, 1983). However, antigen-specific antibodies might also be of importance in the induction

of anti-pathogen specific immune responses by enhancing the efficacy of antigen-prcsentation to

thc immune system (see section 4.2.1).
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Although effective chemotherapeutic treatment of leprosy exists, it is not routinely available in

developing countries and requires a long course of drugs for efficient treatment. The most

commonly used chemotherapeutic agent in leprosy is dapsone and, as could be expected with

monotherapy, drug-resistant mycobacterial strains have been detected. Therefore, the control of

leprosy and other intracellular parasites necessitates the development of a protective vaccine

(Grrybowski, 1987). T\e M. bovis strain bacille Calmene-Gudrin @CG) has becn used since

l92L for vaccination against leprosy, but the protective efficacy ranges from 20-807o depending

upon the population studied (Fine, 1989). Genetic differences among trial populations and the fact

that the original attenuated isolate of M. bovis BCG was not cloned before distribution to

laboratories around the worl4 could explain the diverse competence of the BCG vaccine.

Many vaccines now in use were developed in the absence of detailed immunological

information. However, the impact of vaccination with vaccinia virus on health has resulted in

eradication of smallpox from the world (WHO declared smallpox eradicated, May 2, 1980). A

number of other live (infectious) and attenuated (non-pathogenic but immunogenic) virus-vaccines

such as measles, mumps, rubella, and polio are used worldwide and have contributed to the

reduction in these diseases, at least in developed countries. These successful anti-virus vaccines

generally rely on the development of high-titres of neutralising antibodies in vaccinated subjects.

Using the same smt€gies in attempts to generate protective anti-intracellular parasite vaccines have

not been very successful.

Progress in the development of a leprosy vaccine has been hampered for many years because

of two major limitations. First, the lack of an appropriate animal model for live M.leprae, in

which the nature of immune responses against this pathogen could be investigated. Second, the

limited supply of M. leprae organisms because, even though the leprosy bacillus was the first

identified human bacterial pathogen, it still remains one of the few which cannot yet be cultivated

invitro. However, the discovery of susceptibility of the nine-banded armadillo to M.leprae has

provided an important source of organisms (Kirchheimer and Storrs, 1971). Over the last ten

years armadillo-derived M.leprae has provided a source of antigenic material for investigations

into the immunology of leprosy. Morcover, a recombinant expression library has been constnrcted

from armadillo-derived M.leprae deoxyribonucleic acid @NA) (Young et al., 1985a) and

monoclonal antibodies from mice immunised with sonicates of M.leprae bacteria @ngers et al.,

1985) have been used to identify a number of immunogenic M. leprae proteins expressed in this

M.leprae DNA library. These proteins are currently providing a focus for immunological studies.
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L.L.z Genetic Factors and Leprosy

Most individuals develop protective immunity against M.leprae infection without clinical

symptoms (Godal, 1978), but why do some individuals develop disease? In view of the

importance of proteins encoded within the major histocompatibility complex (MHC) as presenting

structures for T cell activation, several investigators have examincd the possibility of human

leukocyte antigen (I{LA)-linked susccptibility to leprosy, but few have demonstrated a statistically

significant result. The Louisiana report used pooled population studies to show evidence of an

HlA-assmiated genetic influence of DR2 andDQwl molecules on susceptibility to leprosy Clodd

et a1.,1990). The HLA-DR3 antigen has been associated with the tuberculoid form of disease

(Ottenhoff and de Vries, 1987), whereas the HLA-DQw1 antigen has bcen found by others to be

associated with lepromatous leprosy (Serjeantson, 1983). Li and de Vries (1989) hypothesised

that HLA-DQ motecules might be the product of an immune suppression gene responsible for

M.leprae-specific nonresponsiveness seen in lepromatous leprosy patients. This is supponed by

the increasing evidence of suppressor T cells to M.leprae antigens in this goup (Salgame et al.,

1989). In view of the timited association between leprosy and HLA genes, it is possible that

susceptibility to infection is influenced by non-HlA-linked genes (Abel and Demcnais, 1988).

Dsease susceptibility genes for M. leprae might exist in humans, similar to those identified in mice

associated with various other intracellular pathogens. For example, resistance to infection by the

mycobacterial strain M. bovis BCG is controlled by an autosomal dominant gene, designated Bcg

(Gros eta|.,1981), and is independent of T, B, and natural killer cells (Gros et al. 1983). The

Bcg gene is expressed in mature macrophages @uschman, 1989) and comprises two alleles; ^Bcar

(resistant) or Bcgs (susceptible). Upon M. bovis infection, or treatment with interferon-gamma

(IFN-y), activity of macrophages from Bcg' 61.r was found to be significantly supcrior to those

from Bcgs mice (Schurr et a1.,1991). Linkage analysis has demonstrated that the Bcg locus maps

to mouse chromosome I and is probably identical to the /.sft and.Iry loci, which control immunity

to Leishnania donovani and Salmonella ryphimuriwn respectively (Skamene et al., 1982). A

human homologue of the mouse Bcg locus has recently been found on chromosome 2q (Schurr

et al., 1991). Whether this locus is linked with susceptibility or resistance to mycobacterial

infections is currently under investigation.

1.1.3 MHC and T Cell Receptor Repertoire

Thc recognition of antigenic-fragments bound to ceftain MHC molecules by T cells is a

phenomenon known as MHC restriction (Zinkernagel and Doherty, 1974). The habitat of these

fragments on MHC class I molecules is most likely the groove between the cl1 and sz helices
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@jorkman etal.l987a, 1987b). Thisgrooveor"peptidepocket"iscapable of accommodatinga

peptide of G20 residues, depending on peptide conformation. The timited numberof peptides that

can bind a particular HLA molecule might explain the linkage between histocompatibility antigens

and variations in susceptibitity to human diseases (Zinkernagel, 1979). However, the nature of the

T cell receptor (TCR) which recognises the MH9antigen complex also influences immune

responsiveness towards particular antigcns (Kappler et a1.,1987). Thus, the repertoire of both

MHC and TCR genes would together be expected to have an impact on disease susceptibility.

A large part of otr understanding of the correlation between a particular MHC molecule and a

disease stems from observations of auoimmunity among human populations (fiwari and Terasaki,

1985). It is well established that T cells which recognise "self-antigen" prcsented by MHC class I

and tr molecules arc involved in some autoimmune diseases (Reich et al. 1989, Hafler and Weiner

1989). Although leprosy is not strictly classified as an autoimmune disorder, there are a number

of similarities between the immunopathology of leprosy and various autoimmune diseases (see

section 4.2.1). If preferential usage of a particular set of TCR is found in autoimmune or

mycobacterial diseases, immunotherapy with targets specific for the TCR may then be conceivable

(Acha-Orbea et al., 1988).
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L.2 ANTIGEN PROCESSING AND PRESENTATION

T cells have developed paratlel systems for recognition of exogenous (extracellular e.g. toxins,

bacteria) and endogenous (intracellular e.g. viruses, oncogene products) antigens. In both

systems, T lymphocytes recognise processed antigens in the context of MHC molecules

(Zinkernagel and Doherty, L975, Katz and Benacerraf, 1975). Subsequent discoveries have shed

some light on the extra- and intracellular events involved in this process and a comprehensive

picture of antigen processing and presentation is emerging (reviewed by Werdelin et al., 1988).

Sevcral factors have been posrulated to be involved in antigen-processing and T cell

responsiveness: (i) availability of processed peptide, (ii) its ability to be recognised by MHC

molecules, (iii) competition between different processed peptides for binding to MHC molecules,

(iv) ability of the expressed T cell repertoire to recognise the MH9peptide complex, and (v)

preferential activation of T cell helper subsets rather than suppressor T cells (Adorini et al., 1988).

Antigen processing, which is the conversion of a molecule to an MHC-binding form, includes

several events: (i) uptake of antigens (specific or non-specific) by an antigen-presenting cell

(APC), (ii) cleavage of antigens within the cell, (iii) interaction of generated antigen-fragments

with intracellular MHC molecules, and (iv) expression of MHC7antigen-fragment complexes on

the surface of the APC. In the following sections the main featurcs of antigen processing and the

stimulation of T cells via the TCR are discussed in more detail.

1.2.1 Recognition and Processing of Antigens by APC

The essential requirements for a ccll to process and present antigens to T cells are: (i)

expression of MHC molccules, (ii) ability to process antigens, and (iii) capacity to synthesise

costimulatory molecules (Unanue, 1984). Requirements for the stimulation of T cells are differcnt

for primed and unprimed T cells. Dendritic cells (Steinman and Witmer, 1978), macrophages

(Beller and Unanue, 1981), endothelial cells (Pober, et a1.,1986), and B cells (Chesnut and Grey,

1986) have all been reported by different groups to possess the ability to induce antigen-specific

stimulation of unprimed T cells. Macrophages (Rosenthal and Shevach, 1973), Langerhans cells

(Stingl et al., 1978), and B cells (Chesnut et aL L982a, 1982b) have the capacity to process and

present antigens to primed T cells.

Various factors determine the antigen-presenting capacity of any grven cell. For example, the

efficacy of antigen-uptake by the APC and the concentration of surface MHC class II molecules are

imponant factors. It has been shown that a decrease in antigen concentration can be compensated

by an increase in MHC class tr expression (Matis et a|.,1983) or by incrcasing thc efficiency of

antigen uptake. The capture of antigens by APC can be divided into non-specific (pinocytosis) and
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receptor-mediated (Fc-receptor or membrane immunoglobulin [mlg]) mechanisms (reviewed by

Lanzavecchia, 1990). Macrophages are generally referred to as professional APC and take up

antigens by fluid phase pinocytosis very efficiently in comparison with B cells (Chesnut et al.,

1982a). Antibody-antigen immune complexes bind to Fc-receptors on both macrophages and

B cells, but internalisation and transportation of these complexes to lysosomes occurs only in

macrophages (Mieninen et a1.,1989). Antibodies bound to antigens therefore enhance antigen

presentation by macrophages to T cells, by increasing the efficiency of antigen uptake (Manca

et al., 1988). However, unlike macrophages, B cells express antigen-specific mlg that bind

antigen and enhance both antigen-caprure and antigen-presentation to T cells. It has been shown

that antigen-specific B cells can stimulate T cells at 104 times lower free antigen concentration than

macrophages (I-anzavecchia, 1985). Dendritic cells have also been described as a potent APC type

(Steinman and Wiuner, 1978). Because dendritic cells themselves do not process antigens, a

mechanism has been proposed for the transfer of trapped antigen from dendritic cells to antigen-

processing cells within the follicles and B cell areas in lymph nodes (Szakal et a1.,1988). Perhaps

dendritic cells are devoted to presenting antigen to initiate immune responses rather than acting as

effector cells for clearing antigens.

Phagocytosis of mycobacteria by the monocyte/macrophage lineage has been shown to be

mediated by CRI and CR3, receptors for the complement components of C3b and inactivated C3b

respectively (Payne et a1.,1987). The presence of M.leprae inside non-phagocytic Schwann cells

indicates that a specific interaction with, and penetration of host cells might occur, but the rcceptor

and ligand have yet to be identified. The mechanisms which allow M. Ieprae to survive inside

macrophages, specialised in engulfing, killing, and degrading invading parasites, are not known.

However, the M. leprae bacillus is capable of escaping from the aggressive milieu of phagosomes

in macrophages which might prcvent M. leprac fiom being killed (Moulder, 1985). The release of

hydrogen peroxide and reactive oxygen intermediates by macrophages is the primary mechanism in

destroying intracellular parasites. Recently, the 28 kilodalton (l0a) gene of M. leprae has been

found to encode an enzyme with superoxide dismutase activity which may also contribute towalds

the survival of M. leprae within macrophages (fhangaraj et a1.,1990).

L.2.2 Antigen-MHC Interactions

Processed exogenous antigens bind mainly to MHC class II molecules (Ziegler and Unanue,

1981), whereas endogenously produced antigen-fragments associate with class I glycoproteins

(Townsend eta|.,1986). The two antigen-processing and presenting pathways are associated

with different immunological functions. Antigens associated with class II MHC molecules are
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recognised predominantly by cD4+ T cells whilc those associated with class I morecules are

recognised bY CD8+ T cells.

In the endosomal pathway, exogenous antigens are internalised by APC in early endosomes'

containing the acidic protease cathepsin D and cysteine protease, responsible for fragmentation of

the antigen (processing). The invariant chain (Ii) forms a three chain complex with the cr' and p

MHC class II subunits in the endoplasmic reticulum (ER) (Machamer and cresswell' 1982)' It

has been suggested that the Ii molecule prcvents binding of endogenously-produced peptides to the

class II complex during assembly (feyton et a1.,1990). The Ii chain probably also controls the

intracelular transport of crass tr MHc morecules o early endosomes, where the "rendczvous" of

class II molecules with processed antigens @curs (Lotteau et a1.,190). In this compartrnent' the

Ii chain dissociates from the class II heterodimer and the "peptide pocket" becomes exposed' ready

for binding of antigenic peptide and transport to the cell surfacc' chloroquine has been shown to

inhibit antigen processing and presentation by B cells and macrophages to T cells (streicher et al',

1gg4) and also o inhibit dissociation of the Ii chain from class II molecules (Nowell and Quaranta'

1985). These data suggest that chloroquine may prevent binding of exogenous peptide to MHC

crass II molecules and therefore, in the prcsence of chroroquine, T cell stimulation is not obscrved'

In the cytosolic pathway, the class I MHC complex (heavy chain and p2 microglobulin) binds

endogenously-produced peptides during their assembty in the ER (Townsend et al" 1989)'

Sources of class I-restricted peptides can be found in the cytoplasm, nucleus, and mitochondria'

but intracellular membranes prevenr diffusion of these peptides into the ER. Evidence exists that a

,,peptide pump", encoded wittrin the class tr MHC region, transPolts peptides into the ER from the

cytosol (Spies and DeMars, 1991). This might explain how endogenously-produced peptides bind

their MHC class I companions in the ER, in preparation for transport to the cell surface. Tho

binding of antigenic peptide to class I molecules also stabilises the MHC-peptide complex and

enhances surface expression (parham, 1990). Class I molecules ar€ tnansported to thc cell surface

without contacting the endocytic comparunents (Neefi es et a|.,1990) and cxogenous peptides are

therefore not presented in the context of class I molecules.

|.2.3TCellActivationandCostimulatoryFactors
The TCR is a complex consisting of cysteine-linked ct and p chains and shows extensive

stnrctural homorogy with the Ig receptor (tledrick et ar.,1984). The activation signal generatcd as

a result of recognition of the MHC/antigen complex by the TCR is probably nansmitted via cD3

molecules (Clevers et a,.,1988), as the CD3 molecules and the TCR form a close complex at the

cell surface. The cD3 antigen was fust identified as a 20 kDa protein, but consists of a group of
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invariant polypeptide chains (T, E, e, and () physically linked to each other. A fifth chain 11 has

been discovered, associated to approxim ately 10Vo of ( chains (Mercep et al., 1988), and results

from alternative splicing of the ( mRNA (Iin et a1.,1990). It is believed that antigenic stimulation

of the TCR/CD3 complex mediates phosphorylation on serine residues of CD3-l chains and on

tyrosine residues of ( chains (Mustelin and Altman, 1989). Apparently the CD3/[CR complex is

transiently associated with CD4 or CD8 molecules, but the role of these molecules in T cell

activation has not yet completely been resolved. Whether CD4 and CD8 molecules exist as

coreceptors or as accessory molecules upon antigenic stimulation of T cells is uncertain (Janeway,

1989b).

For T cell activation, stimulation of the TCR/CD3 complex by the MHC/peptide ligand is

necessary, but additional signals (costimulators) arc usually required for T cell clonal expansion

and differentiation into effector cells. Stimulation of T cells in the absence of costimulators has

been reported to induce nonrcsponsiveness and could be important for maintenance of extrathymic

rolerance (QuiX and Schwaltz, L987). APC play an important role in the delivery of costimulato,ry

functions, which have been divided into two categories: (i) molecules important for physical

cell-cell interaction, and (ii) molecules required for T cell activation (these functions may not be

mutually exclusive). The cell-cell interaction molecules are members of the leukocyte integrin

family (LFA-l, CR3, and p150,95) and the immunoglobulin superfamily (CD2, CD4, and CD8)

(Springer, 1990). These proteins increase the avidity of the T lymphocyte and APC interaction

and may also be involved in membrane signal ransduction @ierer et al. 1989, Hogg 1989).

Molecules required for T cell activation are membrane-bound or secreted molecules, often

cytokines (Weaver and Unanue, 1990). Costimulators of T cell growth were first reported by

Gery and his colleagues (1972) who demonstrated that the requirement for APC in mitogenic T cell

responses could be replaced by culture supornatant from endotoxin-stimulated macrophages. The

factor responsible for the observed activity, called lymphocyte-activating factor (LAD activity,

was laterdesignated interleukin-l (tr--l). It was subsequently shown that IL-l can also replace the

APC requirement of antigen-specific T cell proliferation (Durum and Gershon, 1982).

Microorganisms such as M. leprae (Fukutomi, et al., 1988) and Listeria, and inert particles

(Unanue, etal., 1976) induce IL-l production by macrophages upon phagocytosis, whereas

soluble antigens do not There exists evidence that antigen-specific T cells induce macrophage

IL-l production via a cytokine secreted as a consequence of T cell receptor and MHC/peptide

interaction (Weaver and Unanue, 1986). A T cell factor capable of inducing membrane IL-l

expression on macrophages has been characterised and belongs to the tumour necrosis factor

(TNF) family (Weaver et a1.,1989). The importance of IL-6 as a costimulatory factor in T cell

activation has been reported for both proliferative and cytotoxic T cells (CTL) Cfosato and Pike
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1988,TakaietaI.|g88).IthasalsobeenobservedthatlL-6alonecannotalwaysrestoreTcell

proliferation, unless IL-l is added (McKenzie, 19gg). This finding and the observation that IL-1

induced IL-6 production in thymocyte cultures (Helle et ar., rgsg) raised the possibility that the

requirement for IL-l as a costimulator is a synergistic effect between IL-l and IL-6 rather than a

direct action of IL-l. Furthermore, dendritic cells have bcen shown to be potent activators for

T cells, but produce neither IL- I nor IL-6 (McKe nae et a|.1989, Bhardwaj et al ' 1989)' Using

two-chamber experiments, Inaba and colleagues (1989) demonstrated that close cell-cell contact

between T and dendritic cells was necessary for lymphocyte activation. It was not possible to

detect a LAF that could induce the growth of T cells in synergy with anti-CD3 monoclonal

antibodies (mAb) or allogeneic B cells. They suggested that T ccll responsiveness might be a rwo

step event; an andgen-independent binding to dendritic cells followed by an antigen-specific

signalling via the TCR.

L.2.4 AntigenicitY of Proteins

T cell recognition requires processing of the antigen and association of antigen-derived

peptides with MHC molecules, whereas B cells recognise antigen free in solution (Berzofsky'

l9g5). Another important difference between T and B ccll recognition is that proteins tend to

possess a rimited number of r cell epitopes (immunodominance), whereas antibodies recognise

sites all over the surface of a molecule (Benjamin et a|.,1984). For a particular protein to be a

T cell immunogen, it must possess at least one MHC-binding site (agretope) and onc T cell-

binding site (epitope) (Heber-Katz et at.,1983). Destnrction of potential T cell epitopes during

processing c.n occur following immunisation with intact protein (Adorini et al. t988'Btetl et al'

1988) and, in general, a wider T cell repertoire is revealed after peptidc immunisation than with

whole protein. In addition, other factors such as self-tolerance, antigen processing, or intrinsic

properties of the antigenic site, might also influence antigenicity.

Important extrinsic facrors controlling antigenicity are MHC-linkod genes (H-2 in mice)'

using staphylococcal nuclease as antigen, Berzofsky etal. (1977) observed that exprcssion of

different MHc-linked genes could induce epitope-specifrc responsiveness, in that the difference

between high B10.A and low B10 responder mice was largely confined to one rcglon (amino acids

[a.a.] 99-149), whercas the response to whole protein was comparable in both strains' Rosenthal

(l9zg) found subsequently that genes encoded wittrin the H-2 class II locus controlled the epitope

specificiry for insulin. Further, the major conclusions from studies using spcnn whalc myoglobin

@erkower et oI. 1985, Cease et aI. 1986) and cytochrome c (Schwartz et a1.,1985) as antigens

were the following: (i) T cells recognise one immunodominant antigenic region of the molecule,

Page 17



which is not a single epitope but rather a cluster of tightly overlapping epitopes seen by differcnt

T cells with different receptors, and (ii) a factor extrinsic to the antigen that strongly influence

antigenicity, in addition to the set of MHC molecules, is the T cell repertoire expressed by the hosr

Factors intrinsic to the antigen have also been shown to contribute to responsiveness. The

dominant T cell epitope in H-2d mice in the response to sperm whale myoglobin consisted of

residues l3Gl46 (Berkower, et a1.,1986). The critical residues Lys 133, Glu 136, Lys 140, and

Lys 145 in the a-helical sruchrrc of peptide l3GI46 were brought togethcr to the same side of the

hclix and possibly interact with the TCR. The remaining residues formed a hydrophobic region

and might interact with the class II MHC molecules. Theoretical models predicting T cell epitopes

are now available. The model described by Margalit et al. (1987) is based on observations that

T cells tend to recognise amphipathic s-helical structures, whereas the model of Rothbard and

Taylor (1988) relies on characteristic sequence patterns of the a.a. recognised. These two models

do not take into account the animal species studied or MHC haplotype. In contrast, the model

proposed by Sette and colleagues (1989) is based on the observation that most peptides capable of

binding MHC class II molecules of the H-20 haplotype share a common feature which can be

detected at the level of amino acid sequence. The algorithm developed by Margalit et al. (1987)

identified 18 of 23 immunodominant helper T cell epitopes from 12 different proteins (787o

succoss rate, with a p-value d.001) and the prediction model of MHC binding regions of proteins

by Sette et al. (1989) successfully identified approximately 75Vo of the peptides that bound to

mouse MHC class II I-A and I-E molecules. Thus, each of these predictive algorithms accurately

defrnes some antigenic determinants, but misses others.
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1.3 T CELL RESPONSES

Although there are known exceptions, the recognition by the TCR of processed antigen in

association with MHC class I and II molecules divides T cells into wo major subpopulations;

CD8+ cytotoxic and CD4+ helper T cells. The differential rccognition of MHC class I by CD8+ and

class II molecules by CD4+ T cells appears to stem from the interaction between CD8 and CD4

molecules with non-polymorphic regions on MHC class I and class II antigens respectively (tlood

et al.1985, Doyle and Strominger 1987, Norment et al. 1988). These two T cell subsets fulfil

entirely different immune functions.

1.3.1 The CD4+ and CD8*op T Cell Subsets

The CD4+ T cells are refered to as helper T cells because they activate B cells to secrcte

antigen-specific antibodies controlled by MHCJinked genes (Kappter and Marrack,1977), but are

also involved in a number of immune functions such as delayed-rype hypersensitivity (DTH) and

cytotoxicity (Mason and Morris, 1986). Attempts to transfer immunity to intracellular bacteria

with specific antibodies have failed consistently (reviewed by Hahn and Kaufmann, l98l).

However, using athymic animals, the anti-bacterial immune responses were shown to be under thc

control of the thymus, and adoptive transfer experiments demonstrated the involvement of T cells

for acquired immunity. Subsequently, in vivo depletion of either the CD4+ or CD8+ T cell subsets

demonstrated that protective immunity to M. bovts infections was mediated by the CD4+ T cell

population in mice (Pedrazzini et a|.,1987). However, CD8+ T cells may also play a prominent

role in combating intracellular parasites (see below).

The murine CD.r[+ helper T cell population has been further subdivided into T helper 1 (THl)

and T helper 2 (Tsz) cell subsets based on the pattern of cytokines produced in the response to

antigens or mitogen stimulation (Mosmann eta|.,1986). Tsl cells produce IL-2, IFN-% and

lymphotoxin (LT), whereas T112 cells secrete IL-4,IL-5, IL-6, and IL-10 (Mosmann and Coffman

1989, Moore et al. L990). Cells of both subsets secrete IL-3, granulocyte macrophage-colony

stimulating factor (GM-CSF) and TNF-cr,. TnZ cells are associated with B cell help, while Tsl
cells, although they can provide B cell help in some circumstances, induce macrophage activation

and DTH (Coffman et al. 1988, Stout and Bottomly 1989, Cher and Mosmann 1987). It has been

suggested that the functional differences between Tsl and Ts2 cells correlate with cellular and

humoral immuniry, and these two subsets have also been referred to as inflammatory and helper

cells, respectively (Bottomly, 1988). Tg2 and Tsl cells are mutually inhibitory in vitro due to

subset-specific cytokines. The Tp2-derived cytokines IL-10 and IL-4 inhibit secretion of

cytokines and expression of IL-2 receptors by Tgl cells (Moore et al. 1990. Martinez et al. 1990,
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Peleman et al. 1989), while IFN-y, a Tgl-derived cytokine, inhibits proliferation of Ts2 cells

(Gajewski and Fitch, 1988). The classification of T cells into either Tsl or Ts2 phenotype is not

universal. Murine T cell clones have been isolated that secrete L-2,il.-3,IL-4, IL-5, GM-CSF,

and IFN-y. These cells have been designated T helper 0 (TH0) and might belong to a cell lineage

competent to differcntiate into either Tsl or Ts2 phenotlpes (Street et a1.,1990).

Antigen-presenting cells also influence the outcome of the T cell response. Gajewski er al.

(1991) demonstrated that optimal proliferation of Ts2 cells was achieved using B cells as APC,

whereas Tgl cells responded optimally to adherent cells presenting the antigen. They suggested

that unique cofactors werc produced by specialised antigen-presenting cell populations, which

selectively activated Tsl or Ts2 cells, and showed that IL-l and IL-6 could not substitute for these

cofactors. In contrast, it has been demonstrated that IL-l is requircd for optimal proliferation of

Ts2 but not Tsl clones, which do not express IL-l receptors (Greenbaum etaL.,1988). This is

supported by the fact that macrophage populations produce a non-Il-1 costimulator important for

activation of Tsl cells, whereas Ts2 clones are Il-l-dependent (Weaver et a1.,1988). Weaver

and colleagues (1988) also showed that live B cells presented antigen to both Tsl and Ts2

subsets, whereas fixed B cells preincubated with anti-Ig and IFN-T stimulated Ts1 but not Tg2

cells. The failure of fixed B cells to present antigen to Tgz-type cclls was restored with the

addition of recombinant IL-l. They suggested that T112 cells induced B cell IL-l production

through an unknown cytokine, that might be similar to the factor which induced macrophage IL-l
production. Further, B cells are morc sensitive to irradiation than macrophages. Irradiation using

a dose of 3,000 rad but not 900 rad inhibited APC function of B cells, whereas macrophages

induced T cell responses after both doses (\Meaver et a1.,1988).

The CD8+ CTL subset is important for protective immunity against viral infections and may

also be involved in rcsponses to intracellular parasites (Kaufmann, 1988). Whether the induction

of CD8+ CTL requires help from CD4+ T cells is controversial. Pilarski (1977) has demonstrated

that antigen-specific helper T cells are an absolute necessity in the generation of CTL in vitro. In

conrrast, Buller et al. (1987) used an invivo model and showed that mice depleted of CD4+ cells

d^evelop virus-specific cytotoxic CD8+ T cells, and recover from mousepox virus-infections that

were lethal for nude (CD4- and CD8) mice. These contradictory findings might be due to: (i)

existence of two distinct lineages of CD8+ CTL precursors, one independent of, and the other

dependent on CD4+ helper activity for maturation, or (ii) that some CD8+ T cell populations

possess the ability to produce cytokines upon stimulation which are necessary for induction of

cytotoxic responses (Kung et a1.,1991). However, using "filler cell-free" microcultures, it has

been shown that IL-2 and IFN-T act in synergy and are required in the development of CTL

(Maraskovsky er al., 1989).
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1.3.2 Delayed'Type Hypersensitivity

The characteristic of DTH is an inllammatory reaction at the site of antigen deposition, that

peaks intensivery z4-4ghours after initiation (reviewed by ctowle, 1975). The Jones-Mote type

of DTH reaction is induced by soluble antigens, maximal at 24 hours, and is mediated by

Tlymphocytes(Vadasetal.,tg76).ThisDTHisseparatefromimmediatehypersensitivity

(Arthus reaction) which is antibody-mediated and peaks in minutes or hours. Although DTH is

mediated by antigen-specific T cells, releasing cytokines upon stimulation which anract basophils

to the area under the dermis, the nature of r cell subsets involved is controversial. studies have

shown that T cells bearing either cD4 or CD8 markers can transfer DTH depending on ttre antigen

(vadas et at. 1976. Zinkernag eL l976,Platt er al. 1983). Howevcr, by using cloned cD4+ helper

T cells, DTI{ has been demonstrated to be an attribute of Tsl celts (cher and Mosmann 1987)'

Parish (1g72)has suggested that DTH responses and antibody synthesis to a protein antigen are

often mutually exclusive and it is conceivable that DTH responses and antibody formation result

from stimulation of different T cell lineages (Moorhead, 19zg). The effects of these T cell subsets

is thought to be mediated by various cytokines. The Tgl products IFN-Y and LT activate

macrophages, resulting in increased destnrction of intracellular pathogens, and the Tg2 products

IL-4, IL-5, od IL-6 generally lead to high levels of antibody synthesis (Mosmann and

Coffrnan, 1989).

l.3.3The16TCellSubsetandHeat-ShockProteins
In addition to T ce[s cxprcssing the crp TcR, a set of cD3+ T cels have been described which

use a recepror composed of y and D chains (saito et aI. L984, Brenner et al. t986. The 1&bearing

T cells appear to be specialised in both function and location (reviewed by Raulet, 1989)' They are

the major T cell subset resident in the epithelial layers of the epidermis and intestine in mice' often

of the GD4-CD8+ phenotype. Thc epithelial location of some 16 T cells has prompted the

suggestion rhat one of their functions is to combat epidermal and intestinal antigens' The

epidermal y6 T cells are referred to as dendritic epidermal cells (DEC) and exhibit a limited

d.iversity of T cell receptor rcalrangements (Asarnow et al', 1988)' Cytotoxic 16 T cell lines

derived from nude mice reacted with allogeneic MHC, raising thc possibility that, like the ap

receptor, the yD receptor has a predilection for binding MHC/peptide complexes (Matis et aI"

1987). The antigen presenting molecule to 16 T cells is not known, but a number of studies imply

that rhe most likely restriction elements for presentation of antigen are the non-polymorphic MHC

class Ib molecules (Qa, TL, and cDl) (Born eta1.,1990). There is a possibility that 16 T cells

recognise non-protein antigens, such as carbohydrates or glycolipids. Pfeffer and colleagues
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(1990) showed that primary cultures of human yD T cells responded to protease-resistant

mycobacterial antigens of <3 kDa in molecular weight. However, protein antigen-specific

16 T cells have been found. Bom et al. (1990) showed that some mouse and human 16 T cells,

and some yO-bearing hybridomas generated from neonatal mice (at a time in ontogeny when

antigen-driven expansion has probably not yet occurred) responded to the mycobacterial 65 kDa

heat-shock protein (HSP, see below), expressed on damaged epithelial cells. The 16 T cell subset

might therefore play a role in intracellular bacterial infections and immune surveillance of stressed

autologous cells (Kaufmann 1990, O'Brien et al.I9S9,Haregewoin et a|.1989).

HSP, frequently called stress proteins, are highly conserved and abundant proteins and often

involved in immune rcsponses against pathogens (reviewed by Young, 1990). These observations

have emerged from recent research and there might be a connection betrreen the immune response

to HSP, mycobacterial infections, and autoimmune diseases. In humans, T6 T cells reactive with

mycobacterial protein derivative (PPD) have been generated from leprosy skin lesions and

rheumatoid arthritis patients (Modlin et aI. 1989, Holoshitz et al. 1989). Human 16 T cells

responding to mycobacterial 65 kDa HSP can also be isolated from healthy individuals

(Haregewoin et a1.,1989) and from rheumatoid arthritis fluid (Holoshitz etaI.,1989). Based on

these observations, there might be a link between the role of yD T cells in infection and in

autoimmunity, where the normal regulatory constraints of the system may break down during

bacterial infections.
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L.4 IMMUNE RESPONSES TO INTRACELLULAR PARASITES

T cells expressing surface CD4 or CD8 molecules are not exclusively helper or cytotoxic cells

respectively. MHC class Il-restricted CD4+ cytotoxic T cetls have been found @raakman et al.,

1987) and CD8+ suppressor T cells exist (Shinohara et a|.,1988), both of which could play an

important role of immune regulation in the rcsponse to intracellular parasites. Protective immunity

against M.leprae is mediated by antigen-specific T cells, but the T cell subset(s) mediating

protection is not known. CD8+ cytotoxic cells have also been shown to contribute to protection

against M.Ieprae (Chiplunkar et a|.,1986) and protective immunity is likely to be a function of

both CD4+ and CD8+ T cells.

1.4.1 Functional T Cell Subsets and Immunity

The murine model of cutaneous leishmaniasis has been a useful tool for understanding some

of the mechanisms of cell-mediated immunity and humoral immune response in controlling

infection against intracellular pathogens in vivo. The host-parasite relationship of ltishrrunia

ntajor infection in mice is controlled by differential activation of CD4+ T cell subses (I-ocksley and

Scott, 1991). Lymphocytes from L. major-infected BALB/c mice (susceptible to infection)

produce IL-4 and IL-5 but low levels of IFN-1(Ts2-type response), whereas those from the

resisrant C3tVtIeN mouse strain produce IFN-T, but no IL-4 or IL-5 CIHl-t1pe response).

Many intracellular bacteria induce DTH and it is often concomitant with thc appearance of

acquired immunity (Mackaness and Blanden, 1967), but whether DTH responses against

M.leprac bacilli confer protection to leprosy is not clear. Macrophages activated by cytokines

secreted by antigen-specific helper T cells are thought to be the major defense mechanism against

intracellular parasites (Hahn and Kaufmann, 1981). Hyperimmune DTH responses in leprosy

patients conelate with elimination of bacilli and Cooper et al. ( 1989) suggested that this response

was mediated by IFN-y-producing helper and cytotoxic T cells. Clinically, reduction or

efimination of M. leprae bacteria from lesions is known as "the reversal reaction syndrome" and is

associated with lymphocytic infiltration of skin and nerve and an augmented response to M. leprae

antigens invitro @arnetson et al.,1976). In experimental animal systems, CD4+ and CD8+ CTL

have been demonstrated to lyse M.leprae infected macrophages and Schwann cells, which might

not only contribute to protection but also to the immunopathology of leprosy (Chiplunkar et al.

1986, Steinhoff and Kaufmann 1988, Mustafa and Qvigstad 1989). Whether antigen-specific 16

T cells are needed in addition to ap T cells for immunological protection against mycobacterial

infections is not yet known.
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1.4.2 T Cell Responses to M. leprae Proteins

The unique adjuvant activity of mycobacteria has been attributed to cell wall protein (CIYP)

components (Adam et a|.,1981), which may be of fundamental importance forprotection against

mycobacterial infections. Acquired resistance to tuberculosis has been accomplished by

immunisation with CWP from M. tuberculosis (Ribi er al.,1982) and the majority of T cell lines

and clones derived from tuberculoid leprosy patients can be stimulated to respond in vitro by CWP

(Melancon-Kaplan et a1.,1988). T cells isolated from lepromin-positive patients and contacts have

been testedagainstfractionated M.leprae proteins (Mehra et aI., 1989). The greatest T cell

reactivity was observed to 7 kDa, 14-16 kDa, and 28 kDa proteins, although some responded to

proteins of 18lDa and 65 kDa in molecular weighr

Mycobacterial HSP have been shown to be the dominant T cell antigens recognised by the

immune system of mycobacteria-infected and healthy individuals (Young et al. 1988, Ottenhoff

et al. L988). The best characterised mycobacterial HSP is the 65 kDa protein (HSP65). A number

of different T cell epitopes have been mapped on this molecule. The peptide consisting of a.a.

3-13 is a dominant T cell epitope in DR3-positive individuals (van Schooten et a/., 1989). The

majority of human T cell clones which recognise the M. leprae 70 kDa HSP (HSP70) are also DR3-

restricted and all DR3-restricted HSP65 and HSP70 T cell clones tested used the Vp5 TCR-gene

element (Ottenhoff et al., 1991). Interestingly, the HLA-DR3 antigen is associated with

tuberculoid leprosy patients (Ottenhoff and de Vries, 1987) and therefore the Vp5 element might

play a role in the immunological manifestation of disease in these individuats.

M, leprac-specific CD8+ suppressor T cell clones have been isolated from lepromatous leprosy

patients. The specific unresponsiveness of T cells to M. leprae proteins seen in these patients was

probably a result of induction of clonal anergy in the CD4+ helper population (Salgame et al.,

1989). A number of CD8+ T cell clones isolated from one individual showed antigen-specific

suppression against the M. leprae 36 kDa protein, indicating that this protein contained at least one

suppressor T cell epitopc (Ottenhoff et a1.,1986). Further, Modlin and colleagues (1986) have

isolated T cell clones which suppressed responses of HLA-DR4-matched but not HLA-DR4-

mismarched M. leprae-specific CD4+ T cell clones, indicating the possibility of MHC-restricted

suppression in some leprosy patients.

T\e M.leprae 28 kDa protein might be secreted in infected tissue and participate early in the

immune responses against leprosy bacillus, based on the fact that M. leprae 28 kDa protein-

specific mAb cross-react with the secrcted M . tuberculosis 23 kDa protein (Young et al , 1985b).

The human T ccll response against the 28 kDa protein has been assessed. Ten out of 18 leprosy

patients tested elicited a proliferative T cell response specific to the 28 kDa antigen (Mehra et al.,

1989). The 28 kDa gene has been sequenced and shown to have 67Vo idenity with a sequence
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from human superoxide dismutase (Colston, 1990). Superoxide dismunse is an enzyme which

might be involved in the protection of intracellular bacteria from the killing mechanism of

phagocyosis which involves toxic oxygen radicals, as discussed earlier.

T cell clones responding to the M . leprae 14- 16 kDa protein were shown to be either M . leprac

specific or to cross-re:rct with other mycobacteria, indicating that this protein is not unique to

M. leprae (Mehra et al., 1989). Not surprisingly thcrefore, when thc gene sequence was

dstermined, it was found to correspond to the 12 kDa protein of M. bovis and M. tuberculosis

(Shinnick et al., 1939). It was also revealed that the sequence shared homology with the

Escherichia coli HSP designated GroES, involved in protein folding and uanslocation functions.

1.4.3 T cell Responses to the 18 kDa Protein of M. leprae

The immune response against M. leprae 18 kDa protein is of particular interest. Healthy

human volunteers, immunised with killed M.leprae, induced antigen-specific DTH responses and

a high proportion of T cell clones from such volunteers recognised the 18 kDa antigen (Mustafa

et a1.,1986). Studying B cell rcsponses revealed that most antigenic proteins of M. leprae appear

to exhibit cross-reactivity at the level of antibodies with other mycobacteria @ngers etal., 1985).

However the two mAb L5 and L6 recognising the 18 kDa protein appear tg be specific to M. leprae

(Britton et aI., 1985). These observations raised two potentially important immunological

possibilities: (i) the 18 kDa protein could serve as a useful marker for the diagnosis of leprosy,

(ii) the l8 kDa protein could provide a potential candidate antigen for stimulatin g M. leprae-specific

T cell responses. The L5 antibody-binding region has been found to be the residues 109-115 of

the 18 kDa protein (Doherty eta|.,1989). This part of the 18 kDa molecule displays homology

with a regron of the HSP27 low molecular weight family of HSP, which is conserved among a

range of species including microorganisms, plants, and animals (Nerland et al. 1988, Young

1988). Moreover, TOVo of M. bovis BCG-vaccinated European donors responded" although with

low stimulation indices, to the M.Ieprac 18 kDa protein (Docloell et a1.,1989), indicating that the

18 kDa protein, at the T cell level, probably contains at least one cross-reactive epitope with

M. bovis. These rcsults indicate that the M. leprae 18 kDa probin may function as a strress p'rotein

and be an important antigen in the immune response to leprosy. Finally, thc immunogenic

M.leprae proteins of 70, 65, 18, and 14-16 kDa in molecular weight all belong to highly

conserved stress protein families. There might therefore be a conelation between the induction of

mycobacteria HSP-specific T cells cross-reacting with stressed host cells and the

immunopathology seen in leprosy patients.

Page 25



1.5 APPROACHES TO ANTI-MYCOBACTERIAL IMMUNITY

The limited information available on factors influencing protective immunity to leprosy seems

mainly to be due to absence of a suitable animal model. The mangabey monkey and the nine-

banded armadillo show similar pathology to that described in human leprosy (Baskin et al. 1985,

Kirchheimer and Storrs, 1971). While these animals are potentially of great value in vaccine

research, they are diffrcult to breed and expensive to maintain. The most used animal disease

model for studying mycobacterial infections is the murine footpad model, developed by Shepard

(1960). Using this model, Lowe et al. (1985) demonstrated that lymphocytes from M. leprae-but

nor from M, bovis-immunised mice inhibited the growth of M.leprae in sublethally-irradiated

rccipiens and showed that the inhibition of bacterial growth was mediated by T cells. However,

this model might not be totally applicable for studying the efficacy of M.leprae proteins as

candidate vaccines for leprosy. The M. bovis infection in mice is self-limiting and does not elicit

the clinical symptoms of human leprosy, and the read-out of the assay (bacterial growth) is a very

time-consuming operation. An alternative animal model has been developed by Douglas-Jones

(1986) to investigate the immune responsiveness to whole M.leprae antigens. This experimental

system measures the proliferation of thymus-derived T lymphocytes in response to immunisation

with antigens.

The research of the Vacilrp progtrm in the Department of Molecular Medicine is directed

towards generation of a new peptide-based vaccine against M . Ieprae and M. tuberculosts

infections. A detailed understanding of the immunology of leprosy and nrberculosis is considered

important before effective vaccines can be developed. Prior to the work presented in this thesis, a

number of investigators had studied various immunological features of M. Ieprae and

M. tuberculosrs antigens. The T and B cell rcsponse to the 19 lDa protein of M. tuberculosis was

investigated by Ashbridgs (1991). He found that all 19 kDa protein-specific mAb generatod in

various laboratories recognised the same topographical region of the molecule. The sera from

M. tuberculosis-immunised mice recognised only two different regions of the 19 liDa molecule.

The same dominantregions were seen by mice of three differentMHC haplotypes. In contrast, the

helpcr T cell rcsponse for IgG production upon immunisation with 19 kDa peptidcs was shown to

depend upon MHC haplotype. The work presented in the PhD thesis by Douglas-Jones (1986)

considered murine T cell responses against the whole M. leprae organisms. The major

conclusions of his work were the following: (i) in a murine proliferative assay to whole M. leprae,

responding cells express Thy-l antigens (Douglas-Jones and Watson, 1985a), (ii) this response

was shown to be under control of the major histocompatibility complex (Douglas-Jones and

Watson, 1985b), (iii) mycobacterial antigens from different species contain cross-reactive T cell

epitopes @ouglas-Jones et af., 1986b), and (iv) several mycobacteria species contain molecules

Page 26



with B cell mitogenic properties @ouglas-Jones et a1.,1986a). B cell rcsponses and helper T cell

epitopes for antibody production against the 18 kDa protein of M.leprae were studied by Doherty

(1991). The antibody responses in mice against the l8 kDa protein were grouped into high,

intermediate, or low responder strains, and both H-2 and non H-2 genes were shown to be

involved. Finally, Harris (1989) studied recombinant clones from an M.leprae ?vgtl1 DNA

library expressing 18 kDa-p-galactosidase fusion proteins. Murine T cells primed with cntde

preparations of these recombinant 18 kDa proteins recognised whole M. leprae and

M. ruberculosls. Non-mycobacterial components of these lysates were shown to induce T cell

rEsponses cross-reactive with M. leprac.

1.5.f The Aims of Work Presented in this Thesis

The results of these investigations were the basis for the strategies developed for work

presented in this thesis. The emphasis was directed towards investigation of murine cell-mediated

immune responses. Highly-purified recombinant 18 lcDa protein was available from both E. cali

and Sacclwrorrryces cerevisiac vector systems (Booth et al. 1988a, Booth et al. 1988b) and

synthetic 18 kDa peptides as well as a full-length 18 kDa pollpeptide were synthesised at Massey

University. These tools were used to evaluate different types of T ccll-mediated immune response

against the M.leprae 18 kDa protein.

T lymphocytes primed with 18 kDa protein molecules or peptides were analysed ln vivo and

invitro. The aims of this study can be summarised in the following questions. Do proliferativc

T cells, cytotoxic T cells, and T cells eliciting DTH respond to the 18 kDa antigen? Do T cclls

recognise a limited number of sites on the 18 kDa protein? Does the genetic composition of mice

influence responsiveness to the 18 kDa protein? Do 18 kDa protein-immunised animals respond to

M. leprae antigens and vice versa? Which T cell subpopulations rcspond to the 18 kDa protein?

These questions have been addressed in experiments presented and discussed in this thesis.
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2.1

MATERIALS AND METHODS

CELL CULTURES

2.1.1 Animals

The mouse strains were purchased from the Jackson Laboratory, Bar Harbor, ME. BALB/cJ

[H-zd], DBA/2J [H-2d], BALB.B [H-2b], B10.BR [H-2k], B10.M [H-2fj, c3HAIeJ ;l{-2t], and

C57BL/10J [H-zb] srrains of mice were maintained as inbred lines in the facilities of the

Department of Molecular Medicine, School of Medicine, University of Auckland, New 7n'aland.

Fr (BALB lc[ x C57BL/10D fH-2d/bl, F1 @ALB/cJ x $HAIeJ) [H-2dlt], Fr (BALB/cJ x

DBA/2I) [H-2o41, Fr (BALB.B x C57BL/10J) [H-2urt1, Fr (BIO.BR x C57BL/10J) [H-2trt1,

and F1 (B10.M x C57BL/10J) [H-2Vb] hybrid mice were bred from inbred parental stocks. For

each experiment, 610 week old mice were used.

2.1.2 Immunisations

The mice were immunised subcutaneously at the base of the tail or in the dorsal region above

their shoulders. Animals received 100 pl of a mixture containing antigen in phosphate buffered

saline (PBS), emulsified in an equal volume of either incomplete Freund's adjuvant (IFA) or

complete Freund's adjuvant (CFA) (DIFCO Laboratories, Detroit, MI). Control animals received

PBS emulsified in IFA or CFA. The emulsion (l ml samples) was made up by rcpeatedly passing

the mixture through a three way stop-cock ([Jno, Hundested, Denmark) for at least 10 minutes,

using two 1 ml Tuberculin syringes (ferumo, Tokyo, Japan). The mixture was then transferred

into one of the syringes and a 27 gauge needle (Ierumo) fined for immunisations.

2.1.3 Antigens

Escherichia coli-derived 18 kDa protein. The M. Ieprae l8kDaproteinwaspurified

from the E. coli strain DH5cr expressing the plasmid pML3 (Booth et al.,l988a). An overnight

culture was harvested, the bacteria lysed by freeze-thawing, suspended in 8 M urea, dialysed

against PBS, and precipitated by adding solid ammonium sulphate to a final concentration of 60Vo

sanration. The precipitate was washed with 2-butanol, recovered by centrifugation, and dissolved

in water. The 18 kDa protein was precipitated by dialysis against 10 mM sodium citrate buffer

(pH 4) and further purified by reversed-phase high-performancc liquid chromatography (HPLC),

at pH 7 (10 mM triethylamine phosphate) and then at pH 2 (0.lvo trifluoroacetic acid) using an
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ascending linear acetonitrile gradient. The production and purification of recombinant 18 kDa

protein was performed by Dr hestidge. The E. cali-deived 18 kDa protein was fractionated on a

l2%o polyaxylamide gel and stained with Coomassie blue (section 2.2.2), to estimate the purity.

The gel displayed two bands with relative molecular weights of 17 and 14 tDa (Fig. 2.1A).

Proteins from a comparable gel were transferred to a nitrocellulose filter, using Western blot

techniques (Section 2.2.3). The filter was incubated with the 18 lcDa-specific mAb L5, followcd

by a biotinylated anti-mouse IgG antibody and streptavidin-biotinylated horseradish peroxidase.

Substrate was then added and the colour reaction developed showing that the mAb L5 had bound

to both the 17 and 14 kDa bands (Fig. 2.1B).
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Figure 2.L SDS-PAGE and Western blot analyses of the 18 kDa protein. E. coli-deived l8 kDa protein was

purified by HPLC as described in Materials and Methods and fractionated on L27o SDS-polyacrylamide gels. The gel

in panel (A) was stained with Coomassie blue. Lanes I and 2; 1.0 pg and 0.2 pg 18 kDa protein. Panel (B),

fractionated proteins were transfened to a niuocellulose membrane and then probed with the L5 mAb. Lanes 1 and

2;0.2 W and 0.04 pg lE kDa protein. Molecular weight markers were included both panels and stained with

Coomassie blue in (A) and amido btack in (B). The positions of the molecular weight markers are indicated in panel

@) (membrane not shown).

Yeast-derived 18 kDa protein. The 18 kDa gene was also expressed in a yeast

expression FlagTM system (Immunex Corporation, Seattle, WA). The insert from the plasmid

pML3C, containing the 18 kDa gene, was excised and inserted into the U}-f7ag vector. The

resulting vector (pull08) was used to transform the S. cerevisiae strain XV2181 (Booth eral,

1988b). Transformants were grown under auxotrophic selection for 48 hours, cells removed by
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centrifugation, and the supernatant filtered through a 0.45 pm filter. The filrate was then dialysed

into PBS containing 0.3 mM CaClz, and applied to an anti-Flag affinity column (Immunex). The

bound Flag-18 kDa fusion protein was eluted using PBS containing 3 mM ethylenediamine

tetraacetic acid @DTA) and then digested with enterokinase in l0 mM }-amne? Oydroxymethyl)

propane-1-3-diol (Tris)-HCl buffer (pH 8) for 16 hours. The resulting product contained the

18 kDa protein with the additional alanine and histidine amino acids, at the N-terminal side of the

initial methionine residue. This protein was fractionated onal5%o polyacrylamide gel and showed

two major Coomassie blue stained bands, at molecular weights of 19-20 kDa and 17-18 kDa,

respectively (Booth et al., 1988b). These procedures were carried out by Drs Booth and

Prestidge.

Mycobacterium leprae. Armaditlo-derived M.leprac antigen was kindly provided by Dr.

P. Brennan, Colorado State University, Fort Collins, CO, in a lyophilised and irradiated (240,000

rad) form. In the Department of Molecular Medicine, School of Medicine, University of Auckland

the M. Ieprae antigen was reconstituted in sterile saline at 5 mg/ml, sonicated, and stored in

aliquots at -70oC.

Mycobacterium tuberculosis. The M. tuberculosrs suain H37Rv was grown, harvested,

purified, sterilized by irradiation (240,000 rad), and lyophilised at the Tuberculosis Reference

Laboratory, Greenlane Hospital, Auckland. Bacteria were resuspended in sterile saline at

5 mg/ml, sonicated, aliquoted, and sored at -70oC.

Peptides. Two sets of synthetic peptides spanning the 148 amino acid 18 kDa protein

(Fig.2.2,2.3) and a full-length l8 kDa polypeptide were synthesised by Drs Harding and Lowe

in the Department of Chemistry and Biochemistry, Massey University, Palmerston North, using

solid phase techniques (Merrifield, 1969) on a Schwarz-Mann Applied Biosystems 430A peptidc

synthesiser. Synthesised peptides wer€ purified by gel filtration and reversed-phase IIPLC. An

amino acid composition was determined for each peptide and the purity was generally greater than

frVo. ^t'he peptides were dissolved in appropriate buffer at 5 mglml, stored at -20oC, and diluted in

medium prior to use.

A third source of peptides was obtained by trypsin cleavage of the 18 kDa protein. The

E. coli-deived 18 kDa protein was dissolved in 0.1 M NH4HCO3 (pH 8.1) at 5 mg/ml, trypsin

(Sigma, Type XIII, St Louis, MO) added to a final concennation of l7o of the protein

concentation (dw), and incubated for 90 minutes at37'C. A similar amount of trypsin was then

added, incubated for a further 120 minutes, and acetic acid added to a final concentration of SVo
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(Vw). The crude tryptic 18 lDa peptides were lyophilised, reconstituted in 5 mM NH+IICOT

(pH 8), and purified by ion exchange on a 10 ml diethylaminoethyl (DEAE)-Sephacel column

(Pharmacia, Uppsala, Sweden). A 5 to 500 mM NII+HCOI linear gradient was applied and 6

different pools collected. These were individually purified at pH 2 (0.lVo trifluoroacetic acid) by

reversed-phase IIPLC with a 0-407o ascending linear acetonitrile gradient. Fractions were

collected, lyophilised" and resuspended at 5 mg/ml in l%o (Vw) acetic acid. These procedures

were carried out by Dr Prestidge. Amino acid compositions were determined by Dr Christie

@eparrnenr of Biochemistry, University of Auckland) and the following 18 kDa protein-derived

tryptic peptides identified (Frg. 2.4). T5 (a.a. 25-34), T6 (35-49), T7 (50-59), T9+10 (66-75)'

T14 (90-101), T15 (102-112), and T16 (113-120).

HEL. Hen egg lysozyme from chicken, Grade I, (Sigma) was rcconstituted in saline at

10 mg/ml, filtered *rough a 0.2 pm filter (Sarorius, G6ttingen, Germany) an0 stored at 4oC.

OVA. Ovalbumin from turkey egg (Sigma Grade V) was reconstituted from lyophiliscd

powder with PBS at 5 mg/ml, frltered through a 0.2 pm filter (Sartorius), and stored at 4oC.

L20{06080

I,ILURTDPFREI.DNTETOTIi:CISINPA\'}{PI'DAWREGEETVVEFDI,PCIK;ADSI.DIDTERNA'IIIIFJAERPSVDPDREUT"AA

8 l Rr.P-29 l2l

-

13 l-E41 s7

25iffiru

-

100 120

EXIA E:RPR6m{RQII}ICENLDTERILASYQEGVLKLSIPVATRAXPRXISVDnCMIGEQTTNKTAf,EIIDA

tt@r. tot@lttu
ot 126

rt@*z''@lttu

-

101 l-s.LJ 11s 131 I Rr,P-23 l1{8

rrrlElrzs

Figure 2.2 Schematic presentation of the one letter amino acid code for the M. leprae l8 kDa protein and

synthesised R.LPrestidge (RlP)-designated peptides. The peptides RLP-23, RLP-30, and RLP-31 represent regions

of ttre protein which could exist in a stable a-helical conformation as predicted by the algorithm of Marga\L et aI.,
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Figure 2.3 Schematicdiagramof overlappingpeptideshomthe M.leprae 18kDaprotein. The20-mer

peptides, 20 a,.u in lengttr and overlapping with 5 a-a at either end, were synthesised using the Merrifield solid phase

peptide synthesis merhod. A 25-mer peptide (a.a.91-115) was also synthesised and included in experiments

mentioned (peptide not illustrated).
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identified and purified tryptic fragments.
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Con A. Concanavalin A from Canntalia ensifurmis, type V, Sigma) was reconstituted with

PBS at 1 mg/ml, sterile filtercd and stored at 4oC.

LPS. Lipopolysaccharide from the E. coli strain 055:85 (Sigma) was dissolved in PBS at

1 mg/ml, autoclave4 and stored at4oC.

2.1.4, Cell Culture Reagents and Solutions

- DMEM. Dulbecco's modified Eagle's medium (Life Technologies, Grand Island, NY) was

supplemented with NaFICO: (45 mM), 2-mercaptoethanol (5x10-s M), L-glutamine (1.4 mM),

sodium pymvate (1 mM), L-arginine (0.7 mM), L-asparagine (0.2 mM), folic acid (14 pM), and

the antibiotics benrylpenicillin (50 Units/mD and streptomycin sulphate (34 nM). The additives

were purchased from Sigma.

RPMI. RPMI 1640 tissue culture medium (Life Technologies) was supplemented with

2-mercaptoethanol (5x10-s M), L-glutamine (1.4 mM), benzylpenicillin (50 Units/ml), and

streptomycin sulphate (34 nM).

FCS. Fetal calf serum (batch numbers 484 and 036) was purchased from Life Technologies

Ltd, Auckland, heat inactivated at 56oC for 30 minutes, aliquoted, and stored at -20oC.

BSS. Balanced salt solution lx was made up from two lOx stock solutions by appropriate

dilutions with double-distilled water.

Stock 1: LVo (wlv) glucose, 4.4 mM KH2PO4, 13 mM Na2HPO4.7H2O,27o (v/v) of

a0.57o (w/v) phenol red solution.

Stock 2: 12 mM CaCL2.ZH2O, 55 mM KCl, 1.4 M NaCl, 10 mM MgCl2, 8 mM

MgSO+-7HzO.

PBS. Phosphate buffered saline, 150 mM NaCl, 3.9 mM KH2POa, 12 mM NazHPO+

(pH 7). Chemicals were obtained from British Drug Houses (BDH) Ltd, Poole, England-

Eosin. Eosin Y (Signa) solution, 0.2Vo (wlv) in PBS.

Turk's. Turk's solution was made up by dissolving 40 mg Crystal Violet (Harleco,

Philadelphia, PA) in 12.5 ml acetic acid and distilled water added to a final volume of 200 ml.
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2.1.5 Cytokines

All cytokines presented in Table 2.1 were a generous grft from Immunex Corporation, Seattle,

WA. The stock solutions were diluted in DMEM containing LUVo FCS and stored at 4"C as

working solutions.

Table 2.1 Cytokines: Concentrations of Stock and Working Solutions

CYTOKINES STOCK SOLUTIONS WORKING SOLUTIONS

tr -lp (Human recombinant)
IL-2 Murine recombinant)

IL3 (Murine recombinant)

IL-4 (Murine recombinant)

CM-CSF Murine recombinant)

IFN-T (Murine recombinant)

250 pg/ml
80 Pg/ml
1 mg/ml
11mg/ml

500 pglml
500 pg/ml

I pg/ml
1pg/ml
1pg/ml
1pg/ml
1pg/ml
I p/ml

2.L,6 Cell Lines

The cell lines described in Table 2.2were maintained in DMEM, containing l07o FCS and

indicated supplemen r" at 37oC in an aunosphere of humidified air containin g LOVo CO2.

Table 2.2 Cell line: Cell Type, Supplement, Mouse Strain of Origin (H-2

Haplotype), and Reference

CELL LINE CELL TYTE SUPPLEME}iT oRrGrN (H-2) REFERENCE

H,-4
BW5147
P8t5
J774
IJ
WEHI-3
ty-2
IIT-2
FT/IL-3

T Lymphoma
T Lymphoma
Masocytoma
Macrophage
Hybridoma

Myelomonocyte
Fibroblast

T hclper cell
ND

n--Z (z0rl'elml)
2VoWEtil-3 CMz

C57BU6N (b)
ArwJ (k)
DBA/z (d)

BALB/c (d)

BALB/c (d)

BALB/c (d)

NIH Swiss (t)
BALB/c (d)

BALB/c (d)

Gorer, 1950

Ralph, 1973

Dunn and Potter, 1957

Ralph et al., L975
Britton et a1.,L985
Warner et a1.,1969

Mann et al.,1983
Watson, 1979

3

lNot inbred. 2Conditioned medium. rThe FT/1L-3 cell line was generated from day 14 embryos from a BALB/qI

moun (Dr Birchall, unpublished). Fetal thymic lobes were cultured in semisolid methyl cellulce in the presence of

20 nglml IL-3. A growing colony was picked after nyo weeks and maintained in DMEM conuining l07o FCS and

2?o WEln conditioned medium. NF 1r1o1 6"*rmined.
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2.1.7 Antibodies

Antibodies displayed in Table 2.3 werc diluted in DMEM medium containing 107o FCS and

stored at 4'C. They were a generous gift from cited sources.

Table 2.3 Monoclonal Antibodies: Specificity, Ig Class, Source, and Reference

MONOCLONAL SPECIFICITY Ig CLASS SOTJRCE REFERENCE

124-3r.7

83-12.5

MAR18.5

GKI.5

M5/114

MKD6

10-3.6

34-1-2S

MLNO

PC-61

2.4G2

145-2Cll

H57-5n

llBll

s4B6

L5

Muftte IL-4

Mudne IL-2

l8 kDa protein

RatIgG

Rat IgG2"

Murine IgGl

Thy-1

cD8

Rat x light chain

CDI

I-Abd I-Ed'k

I-Ad

I-AK

Kbd Dd

N4ac-l

Murirp IL-2
rec€pttr

FCRII

CD3 e chain

apTCR

Rat IgG21

Rat IgM

Murine IgG26

Rat IgG2s

RatIgG2s

Murine IgG2.

Murine IgG2"

Murine IgG2"

Rat IgG26

RatIgGl

Rat IgG26

llamster

Hamster IgG

Dr I. Trowbridge
The Salk lnstitute

San Diego, CA

DrP. Monissey
Immunex, Seattle, WA

Becton Dickinson
Mountain View, CA

DrP. Manack
National Jewish Center

Denver, CO

Dr P. Monissey
lmmunex, Seattle, WA

Dr P. Conlon
Immunex, Seattle, WA

Dr S. Dower
Immunex, Seattle, WA

Dr P Monissey
Immunex, Seattle,WA

Dr R. Scollay
WalterandEliza

Ilall Instiurte
Melbourne, Australia

DrW. Paul
National Institutes of Health,

Bertresda"MD

Dr R. Coffman
DNAXReserch Instiute

Palo Alo, CA

DrW. Briton
Clinical Immunology Research

Cenre Sydney, Ausualia

Dennert et al., 1980

Lq et al.,1987

Lanier etal.,1982

Dialynas et al.,1983

Bhattacharya et al., l98l

Kappler et al.,l98l

Oi et al.,1978

Ozatn et a1.,1982

Springer etal.,L979

Zubler et al.,l9M

Unkeless 1979

I*n et al.,1987

Kubo et al., 1989

Ohara and Paul, 1985

Mosmann et a1.,L986

Brirton et al.,1985
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2.1.8 Preparation of Cell Suspensions

Lymph node cells (LNC). The para-aortic and inguinal lymph nodes were aseptically

removed from immunised experimental mice into 5 ml of BSS, containing 107o FCS' in a petri

dish (Nunc, Roskilde, Denmark). A single cell suspension was prepared by teasing apart the

lymph nodes with frne forceps, the cells dispened by pipetting up and down with a 5 ml pipene'

and transferred to a 10 ml conical centrifugation tube. The cell suspension was incubated on ice

for 5 minutes, to allow clumps of cells to settle. The supernatant was then transferred to a new

tube, cells pelleted at 150 x g for 10 minutes, resuspended in DMEM containing 107o FCS

(refened to as a "wash"), and washed again. cell viability and numbers were determined by eosin

exclusion, (o.\vovv solution in saline) using a haemocytometer (Improved Neubauer' weber'

England). LNC suspensions were incubated on ice until used'

spleen cells. The spleens from mice were aseptically removed into a petri dish' containing

5 ml of BSS supplemented with 10Zo FCS. A single cell suspension was prepared by teasing

apart rhe spleen capsule with forceps, and clumps of cells were further dispersed by pipetting up

and down wittr a 5 ml pipene. The suspension was then transferred to a 10 ml centrifugation tube'

in which tissue and crumps of ceus were ailowed to settle for 5 minutes. The cell suspension was

transferred into a new tube, washed twice and resuspended in DMEM or RPMI medium'

gsnsaining 10Zo FCS. A sample of cells was counted in Turk's solution (to lyse red blood cells)'

The cell viability was consistently above 907o (determined by eosin exclusion)'

2.L.g Generation of Proliferative T Cells

Mice, consisting of 23 per group, were immunised subcutaneously at the base of the uil'

sacrificed generally 7 days post-immunisation, and LNC prepared (section 2'1'8)' LNC were

dilutedto2xl06cellVmlinDMEMcontainingl0ToFCSand200plsampleswereculturedin
gGwell, flat-bottom microtitne plates (Nunc) for 2-5 days at 37oc in an atmosphere of humidified

air contain ing l}vo coz. The antigens wefe diluted in medium and 10 pt samples added to

microtitre prates prior to the cell suspension. Microcultups were radiolabelled during the final

8-16 hours of culture with 0.25 pCi of nitiated thymidine (t3Hl-TdR)' (New England Nuclear

INENJ, Boston, MA, 20.1 CVmmot) and hawested onto glass-fibre filters (whaunan Pte Limited'

Singapore), using a PHD cell hanrester (Cambridge Technology Inc" Cambridge' MA)' FilFrs

were dried at 70oc for at least 90 minutes and then suspended in 2 ml of toluene (Mobil oil, New

Ts,alandltd), containing 20 mM p-terphenyl (sigma). Incorporation of radioisotope was

measured using a Beckman Model LS g000liquid scintillation counter (Beckman Instnrments Inc"

[J ;-, ] .' : l,: i I :,' .'r 1,,'. I : : i 
- I - :;,,J !_il;ri.t:; il: .' ij I I'r,, j;.\;-;'ii

SCI l,_.; 
- i. l;-' I :,: _rj-ii.jF

Er,.i( i. -' ' :''' .'-i .t":k-! r rttl
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Fullerton, CA). Triplicate microcultures at each antigen concentration were routinely performed

and the standard error (SE) was in general less than +107o of the arithmetic mean.

2.L.L0 Depletion of T Cell Subsets

Samples of 2x107 LNC, in I ml of DMEM or RPMI containing 107o FCS, were incubated

separately with the mAb GK1.5 (anti-CD4),83-t2.5 (anti-CD8),T24-3I.7 (anti-Thy-1.), or

medium alone. The mAb were used at a 1:50 dilution of mAb-containing ascites fluid. After 30

minutes on ice, LNC were washed once and resuspended in I ml of medium containing a

secondary mAb MAR18.5 (a t:125 dilution of the ascites fluid). Cells were recovered by

centrifugation after 30 minutes incubation on ice and resuspended in freshly collected rabbit serum

(diluted l:30 in medium containing 0.57o FCS). LNC were further incubated for 30 minutes at

37oC and then washed twice in medium. Cell viability was determined by eosin exclusion and

cells diluted to required concentrations.

2.l.Ll Limiting Dilution Analysis of Proliferative T Cells

The para-aorric and inguinal lymph nodes were removed and prepared (section 2.1.8) seven

days after immunisation with either 10 pg of E. coli4erived 18 kDa protein or 20 pg of M.leprae

antigen emulsified in IFA. Cells were resuspended at concentrations ranging from 2x106 to

3.9x103 cells/ml. Replica wells (24 or 36) were set up by adding 100 pl samples of each LNC

concentration to round-bottom 96-well plates (Nunc). Antigens were present in each well at final

concentrations of 10 pg/ml 18 kDa protein, 20 pglml M.leprae, or 20 pdml M. tuberculosis

sonicates. Syngeneic spleen cells (2xlOs/well, irradiated with 3,500 rad) were added as APC in a

volume of 100 pl. Control plates contained LNC and APC only. After 5 days incubation at 37oC

and ll%o COz in humidified air, 100 pl of cultue supernatant was replaced with fresh medium

containing 20 ng/ml IL-2,2x10s APC, and antigen as previously indicated. Control plates

received no antigen. After an additional 2 days incubation, 0.25 pCi pH]-TdR was added to each

microculture and cells harvested onto glass microfibre filters 16 hours later. Radioisotope

incorporation was determined by liquid scintillation counting (section 2.1.9). Cultures containing

LNC and irradiated spleen cells but no antigen were used as controls for each LNC concentration.

Microwells containing INC, inadiated spleen cells, and antigen were scored as positive if they

exceeded the mean counts per minute (counts/min) in connol wells by more than 3 standard

deviations. The frequencies of antigen-responsive LNC were estimated by plotting the percent

negative wells against cell concentration as described by Taswell, (1981).
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2.L.L2 Preparation of Lymph Node cell culture supernatant for Bioassay

The mouse strains were immunised subcutaneously, LNC prepared one week later

(section 2.1.8), and 4x105 cells cultured with antigen in flat bottom gGwell plates' After 48 hours

incubation, LNC curture supernatants were collected and tested for presence of cytokines

(section 2.1.21).

2.L.13 T Cell Purification

To obtain an enriched T cell poputation, primed LNC were passaged over nylon wool as

described by Julius et aI. (rg73). Nylon woor (Fenwal Laborarories, Morron Grove, IL) was

soaked in 0.1 M Hcl overnight, washed with excess deionized water' and dried' columns wcre

prepared by packing 0.6 gram of dried nylon wool into 10 ml polycarbonate plastic syringes

(rerumo) up to the 6 mr mark and autocraved (Mishell and Shiigi, 1980). A three way stop-cock

(uno) was fitted to the syringe. Thc columns were then washed and pre-incubated with PBS

containing 107o FCS for t hour ar 37oc. A mocimum of 108 LNC in 2 mr Bss supplemented

with 1070 FCS were loaded onto a column and incubated for t ho|Ir at 370C' cells were eluEd at

approximately 1 drop per second with 12 ml of prewarmed PBS containing 107o FCS' recovered

by centrifugation, resuspende d in 2 ml BSS containing 107o FCS and loaded onto a second

column. T ceus rccovered after wo cycles of nyron wool puification were >807o Thy-l positive,

as determined by immunofluorescent staining (section 2.1.22),and resuspended at a concentration

of 2x106 cells/ml in DMEM containing 107o FCS. Samples of 100 pl suspension were then added

to flat-bottom gGwell prates, containing antigen and Apc. The total volume was 200 Fvwell'

MicroculturEs wer€ incubated for 4 days, labelled with 0.25 pCi t:r[-TdR, and harvested 8 hours

later. Radioactive incorporation was determined using liquid scintillation counting (section 2'l'9,'

2.L.14 Preparation of Antigen-Presenting Cells

spleen ceils. The spreens from mice were removed and singre cell suspensions prepared in

DMEM containing 107o FCS (section 2.1.g). splenocytes were irradiated with 3,500 rad before

use in experiments.

Bone marrow-derived macrophages (BM-Mo). The femurs were rcmoved from G12

week old mice into a petri dish containing 5 mI of BSS supptemented with 107o FCS' Bone

marrow cells were obtained by flushing femurs with medium using a plastic syringe and a

27 gaugeneedle (TerumO). cell suspensions were transferred into 10 ml conical tubes' washed
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twice in medium, cell numbers and viability determined. Cells were cultured in 6 well plates

(Nunc) at 5x106 viable cells/wellin 4 ml DMEM containing l07o FCS and 40 nglml GM-CSF.

Culture medium was replaced three times a week, by rinsing the wells gently to remove

non-adherent cells. Stimulated bone marrow cells werc used in assays after lG14 days in culture.

The cells were removed from the plastic by adding I ml of PBS containing 5 mM EDTA and

4 mg/ml of Lidocainc (Sigma), incubated for 5 minutes, rinsed vigorously using a pastelrr pipette,

and then exposed to another cycle of treatment. Cell suspensions were washed twice with

medium, irradiated (3,500 rad), and cell viability determined- BM-MO expressed Mac-1 antigens,

Fc receptors, and MHC class I and II molecules, as verified by immunofluorsscent staining

(section 2.1..22, data not shown).

Purified splenic B cells (sB-cell). The mice were immunised subcutaneously with

10 pg of 18 kDa protein emulsified in IFA and challenged 10 days later intraperitoneally with

10 pg of the same antigen in 200 pl PBS. After a further seven days, animals were injected

intraperitoneally with 200 pl of T24-31.7 mAb mouse ascites fluid Four days later, spleens were

removed and 6x107 splenocytes cultured in 20 ml of DMEM containing 107o FCS and 40 nglml

IL4, in a fi5 flask (Nunc). Non-adherent cells were harrrested after 24 hours incubation at37'C,

cells recovered by centrifugation, and resuspended in 3 ml of medium. The cell suspension was

loaded onto a 20 ml Sephadex G-10 column, incubated for one hour, and then 20 ml of effluent

collected (Mishell and Shiigi, 1980). The recovered cells were washed fwice, irradiated with

900 rad, and cell concentration determined. B cell-enriched populations were 8A-90Vo Ig positive,

expressed MHC class I and II antigens, and were negative for Thy-l and Mac-l antigens, as

revealed by immunofluorescent staining (section 2.1.22, data not shown).

J774 cell line. The macrophage cell line 1774was stimulated with IFN-1ataconcentration

of 40 ng/ml in DMEM, supplemented with 107o FCS, 24 hours prior to use. On the day of assay,

cells were washed three times in medium, iradiated (3,500 rad), and cell concentration

determined. The J774 cell line was positive for Mac-l antigens, Fc receptors, and MHC class I

and tr molecules, as revealed by immunofluorescent staining (section 2.1.22, data not shown).

L5 cell line. The anti-l8 kDa mAb-producing hybridoma cell line L5 was cultured for

24 hours with 40 nglml IL-4, washed, irradiated with 3,500 rad, and suspended in DMEM

containing 107o FCS. Stimulated L5 cells expressed surface IgC and MHC class I and II antigens

determined by immunofluorescent staining (section 2.I.22, data not shown).
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2.L.15 Generation of Cytotoxic T Cells

In vitro priming. The spleens from normal mice were excised and prepared

(section 2.1.8). Cultues containing 6x10? splenocytes in 10 ml of RPMI containing 107o FCS

and 15 pgml of peptide were incubated in an upright T25 flask (Nunc) at37"C in an atnosphere

of humidified air containing 67o COz. After 5 days incubation, primary curtures (cffector cells)

were harvested and cell viability determined by eosin oxclusion. The effector cells were washed

rwice, diluted to appropriate cell concentrations in RPMI containing 10% FCS' and subsequently

used in a cytotoxicity T cell assay (see below)'

In riuo priming. Mice were immunised intravenously in one of the lateral tail veins with

200 pl of a suspension containing rxI0? syngeneic ry-2lar-infected spleen cells (section 2'1'16)'

spleens from immunised mice were removed 3-5 weeks post-immunisation, and cell suspensions

prepared (section 2.1.8). Stimulator cells for in vitro stimulation were obtained from ty-Zrcr.

infected EL4 tumour cells, rermed EL-4rcr(section 2.r.16). primed splenocytes (3x107) were

incubated with 1.5x100 El-4lat cells (inadiated with 14,000 rad) in 10 mt of RPMI containing

107o FCS in an upright T25 flask at 37oC in an atmosphere of' 6vo coz' After 5 days' cultured

ce's (effector ce[s) were washed twice, cell viability determined, and serial dilutions of effector

cells were tested for cytolytic activity in a cyotoxicity T cell assay.

cytotoxicity T cen assay. A 5lCr rslease assay was used to determine radioactivity

released in experimentar microcultures @runner etal.,1968). Tumour target cell lines (l-4x100

cells) were harvested, washed once, resuspended in 200 pl of FCS, and 100 pCi of (Na)2stgtgo

(NEI.[) added. After 60 minutes incubation at 37"C, slCr-labelled cclls were washed three times,

diluted to 10s cetls/ml in RPMI containing 107o FCS, and 100 pl of this suspension added to

V-shaped gGwell platcs (Linbroftiterrech, Flow Laboratories, Mclean, VI) in triplicate wells'

Antigens were added to wells in 10 pl aliquots, in indicated experiments. serial dilutions of

effcctor cells were prcpared and 100 pl dispensed into triplicatc wells containing target cells'

Plates were then incubated for 6 hous at3l"C,centrifuged at 200 x g for 5 minutes' 100 pl of

culture supernarant collected, and the afiiount of radioactivity determined by using a Philips

gamma-counter model pw 45g0. The percent specific lysis was calculated as (experimental lysis

- spontaneous lysis) / (maximum lysis - spontaneous lysis) x 100. spontancous rclease by

tumour targets in the absence of effector cells was <25vo of ma:cimal release in all experiments'

Maximum radioactivity release was obtained from srcr-labelled t rget cells incubated with 17o

(w/w) Nonidet p-40 solution. The results were expr€ssed as the arithmetic mean of triplicate

cultures and the sE was generally less than 107o of the mean.
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2.1.L6 Retroviral Infection of Tumour Cell Lines and Splenocytes

Murine splenocytes. The spleens from mice were prepared (section 2.1.8) and

108 splenocytes in 5 ml of DMEM containing 107o FCS and 4 ttdml Polybrene (Sigma) added to

a confluent layer of t4t-Zta* cells (irradiated with 8,000 rad) in aT25 flask. Cultures were

incubated overnight, spleen cells hanrested, and washed twice in medium. Cell viability was

determined by eosin exclusion and the cell concentration adjusted to 5x107 ty-2rat-infected spleen

cells/ml. These cells were injected intravenously for generation of cytotoxic T lymphocytes

(section 2.L.L5).

Tumour cell lines. ty-Zm and ty-Zruo cells, producing recombinant retroviruses, were

grown to confluence in T25 flasks (Nunc), washed once, and irradiated with 8,000 rad- EL-4

cells (100) were added to the flask, in 5 ml of DMEM containing 107o FCS and 4 ttdml Polybrene

(Sigma), and incubated for 24 hours. Target cells were then harvested, washed twice,

resuspended in medium, and transferred to 24 well plates (Nunc). After a further 48 hours of

growth, infected cell lines were selected for antibiotic resistance for at least nvo weeks, using

G418 at a concentration of 1 mg/ml. The lp-zlsk- andy-2,,2o-infectedEL-4 cell lines were termed

F,L- 4 t a t urd E,L- 4,co, respectively.

2.1.17 Generation of Delayed-Type Hypersensitivity

The mice were immunised subcutaneously with E. coli-deived 18 kDa protein in the dorsal

region above their shoulders (section2.L.2) and six or seven days post-immunisation challenged

in their hind footpads. The right hind footpad was injected subcutaneously with antigen in a

volume of 20 pl and the left hind footpad received 20 pl of sterile PBS, using a27 galuge needle

Clerumo). The dorso-ventral thickness of each injected footpad was measured 24 houn later with

a diat-gauge calliper (Mitutoyo: no 7308, Tokyo, Japan). The per cent footpad swelling was

calculated using the formula: (the thickness of the experimental foot - the thickness of PBS

injected foo$ / (the thickness of PBS injected foo$ x 100. Each experimental group consisted of

3-4 mice.

z.l.lE Establishment of T Cell Lines

Long-term T cell lines (TCL) were established from initial cultures in vitro as described by

Kimoto and Fathman (1980) and Fathman and Fitch (1982), with the following modifications.

Micc were primed subcutaneously at the base of the tail with 10 pg of M.leprae 18 kDa protein.
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Draining lymph nodes were removed 7-10 days later, single cell suspensions prepared

(section 2.1.8), and cultured in }4'well plates (Nunc) with 10 Frg/ml of 18 kDa protein at

5x106 cells/well in 1.5 ml of DMEM containing 107o FCS' After four days incubation at 37oC'

curt'res were centrifuged on Histopaque 1083 (Sigma) for 15 minutes at 300 x g' Blast cells

recovered from the interface were washed twice and cultured with 1x106 irradiated (3'500 rad)

syngeneic splenocytes in 1.5 ml of DMEM, containing 10% FCS and} p/ml of 18 tcDa protein'

The TCL were maintained by weekly stimulation using lff T cells, 2 pdml of 18 kDa protein'

2nglmlof IL-2, and 1x106 irradiated splenocytes'

2.1.19 Proliferative Assay of T Cell Lines

The TCL were harvested from Z*wellplates one week after stimulation and washed three

times. viable cells (10+1 were added to 96-well flat-bottom plates (Nunc) conuining 4x105

splenocytes (irradiated with 3,500 rad) and antigen or medium alone, in a total volume of 200 pl'

cultures were radiolabeued after 4g hours incubation at37"c with 0.25 pci of [3H]-TdR and

16 hours later harvested onto glass microfibre filters. Radioactive incorporation was determined

by riquid scintillation counting (section 2.r.g). Thc resurts werc expressed as the arithmetic mean

of triplicate cultures and the SE was generally less than lwo of the mean'

2.L.20 Preparation of T Cell Line culture Supernatant for Bioassay

The TCL were maintained in DMEM supplemented with 107o FCS and harvested one week

after stimuration. ceus were washed three times in mcdium and 106 viable T cells/ml incubated

with 5 pg/ml con A in 24-well plates (1.5 mVwell). After 24 hours incubation' 1 ml of culture

supernatant was collected and centrifuged at 200 x g for 20 minutes, to remove any remaining

cells. TCL culture supernatants were stored at 4'C until tested in cytokine bioassays

(section 2.L.21).

2.1.21 CYtokine BioassaYs

FT/IL'3 cell line. The FTIIL-3 cells were used to determine IL-3 and IL-4 contents in

T cell culture supernatants. FT/IL-3 cells were washed three times in DMEM containing 107o FCS

and 5x103 cells/well added to serial dilutions of experimental T cell culture supernatants in 9Gwell

round-bottom plates. The total volume was 50 lrvwelt. Microcultures were incubated for

24 hours and DNA synthesis dctermined over the following 8 hours, using [3HJ-TdR
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incorporation (section 2.1.9). The cytokines IL-2, IL-3, and IL-4 were titrated over a range of

concentrations (0-20 ng/ml), as standard curves (Fig. 2.54).

HT-2 cell line. The HT-2 cells were used to estimate the amount of \.-2 and IL-4 in the

supernatant from LNC and TCL cultures. HT-2 cells were washed three times, resuspended in

DMEM containing l07o FCS, and 5x103 cells/well (round-bonom 96-well plates, Nunc) incubated

with serial nryefold dilutions of supernatant from experimental cultures, in a total volume of 50 pf.

WI-z cells were also incubated with experimental culture supernatants in the prescnce or absence

of anti-IL2 (5486) or anti-Il-4 (11B11) mAb at 1:200 final dilution of mouse ascites fluid or

10 trg/ml affrnity-purified antibody, respectively. The efficacy of HT-2 cells in this assay was

confirmed in growth-factor dependenVinhibition assays (Fernandez-Botran et al., 1988). I{f-z
cells were incubated with IL-2 or IL-4 at 0-20 ng/ml in DMEM supplemented with 107o FCS.

Cells were also incubated with a constant amount of IL-2 (0.5 ng/ml) or IL-4 (2 ng/ml) with a

two-fold serial dilution of 5486 (ascites fluid) or llBl1 (affinity-purified l mg/ml) mAb.

Incorporation of [3H]-TdR was determined over a period of 8 hours after 24 hours incubation

(Fig 2.58+C).

2.t.22 Immunofluorescent Staining

Immunofluor€scent staining was performed in 96-well round-bottom plates (Nunc) in a total

volume of 200 pl PBS, containing ZVo FCS and 0.02Vo (w/v) sodium azide (FACS medium).

Cells were dispensed to wells, plates centrifuged at 150 x g for 5 minutes, and supernatants

discarded. Primary antibodies were added as 30 pl of hybridorna culture supernatant, or as a

l:100 dilution of ascites fluid in FACS medium. Plates were incubated at 4'C for 20 minutes and

then washed wice. In conjunction with primary antibodies of mouse or rat origln, a goat anti-rat

IgG fluorescein isothiocyanate (FITC) antibody conjugate (Sigma) was used as a secondary

anribody ar 1:20 dilution in FACS medium. In the case where the primary antibody was derived

from hamster, a goat anti-hamster IgG FITC antibody conjugate (Caltag Laboratories, San

Francisco, CA.) was applied. After a further 20 minutes incubation cells were washed 3 times,

with the addition of propidium iodide (20 ptg/ml, Sigma) in the final wash. The cells were

resuspended in 200 pl of FACS medium and kept at 4'C until analysed by flow cytometry on a

fluorescence-activated cell sorter (FACS 440 Becton, Dickinson). Control preparations containing

unlabelled cells and cells with the addition of the secondary antibody (to determine Fc receptor

binding) were routinely included.
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2.2 BIOCHEMISTRY AND MOLECULAR BIOLOGY

2.2.1 Biochemical Solutions

Coating buffer. 15 mM Na2CO3 and 35 mM NaHCOI (pH 9.6).

Guanidinium thiocyanate solution. 4 M guanidinium thiocyanate (Sigma),25 mM

sodium citrate (pH 7) (BDH), O.SVo (w/v) N-laurylsarcosine (BDH), and 0.1 M
2-mercaptoethanol (BDH)

HBS. HEPES buffered saline 10x solution: 140 mM NaCl, 25 mM I{EPES, 1.4 mM

Na2HPOa. A 2x solution was prepared and the pH adjusted to 7.1 with lM NaOH, immediately

before use.

High-salt buffer. 50 mM TrisAICl (pH 8.0), 0.5 M NaCl, 5 mM EDTA, O.SVo (wlw)

NP-40, and 0.057o (dv) SDS.

2x loading buffer. 40 mM TrisAICl (pH 7.6), 1.0 M LiCl,2 mM EDTA, and0.27o (w/v)

SDS.

PAGE-RSB. PAGE-reducing sample buffer. 62.5 mM Tris/HCl (pH 6.8), LUVo (wlw)

glycerol, 5Vo (wlw) 2-mercaptoethanol, 3Vo (wlv) SDS, 1 mM EDTA, and O.lVo (v/w)

bromophenol blue.

Immunoprecitpitation buffer. 10 mM Na2HPO4, l%o (vlv) NP-40, 17o (dv) Na

Deoxycholate,O.l%o (dv) SDS, 0.15 M NaCl, 1000 KIU/ml Trasylol @ayer, AG, Germany), 10

mM EDTA, 10 pglml soybean uypsin inhibitor, 10 pglml I-eupeptin, 10 pM p€pstatin, and I mM

phenyl-methylsulfonylfluoride IPMSOI (pH 7 .2).

RSB. Reducing sample buffer. l.S%o (wlv) dithiothreitol @TT), ZVo (wlv) SDS, 80 mM

TrisAICl (pH 6.8), and LAVo (v/v) glycerol.

SSC. Standars saline citrate. 10x solution: 1.5 M NaCl and 150 mM sodium citrate (pH 7).

Tris-buffered saline CIBS). 150 mM NaCl and 50 mM TrisAICl (pH 8.0).

Transfer buffer. 25 mM Tris/FICI (pH 8.3), 192 mM glycine, and20Vo (v/v) methanol.
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2.2.2 Polyacrylamide Gel Electrophoresis

The proteins were separated by polyacrylamide gel elecnophoresis (PAGE)' as described by

Laemmli (1970). Samples were mixed with 1 volume of PAGE-RSB' boiled for 2 minutes'

centrifuged at 12,500 x g for 5 minutes, and fractionarcd on a lTVo polyacrylamide gel at 8

volts/centimetre. Proteins were stained with0.257o (dv) Coomassie blue in50Vo (v/v) ethanol

and1.Svo(v/v) acetic aci4 followed by destaining rn}o{,o (v/v) ettranol andlovo (v/v) acetic acid'

2.2.3 Western Blot AnalYsis

The protein samples were fractionated on polyacrylamide gels (section 2'2'2) and then

electrophoretically transferred onto nitrocellulose filters (BA 85 Scheicher & Schuell)' using the

method of rowbin et at. (19i9). Gels were soaked in transfer buffer for 30 minutes prior to

transfer, which was performed at 100 mA for 16 hours, using a Bio-Rad transblot cell (Bio-Rad,

Richmond, cA). Molecular weight markers (sigma) were stained with o.rvo (wlv) amido black in

L07o (vlv)acetic acid and 2o7o (vlv)methanor. Nitroce[urose brots containing samples of protein

were incubated for one hour at room temperature in a blocking solution, TBS containing 1070

FCS, preceded by immunostaining with antibodies. The antibodies were diluted 1:1'000 from L5

ascites fluid or anti-lg kDa mouse antisera in TBS containing 0.05Vo Tween (TBST)' The blots

were incubated for 30 minutes at room temperaturc and washed three times in TBST' The

secondary antibody, biotinylated goat anti-mouse IgG (Sigma), was then added at 1:250 dilution in

TBST. The blots were incubated for 30 minutes, washed three times with TBST, and incubated

for a further I hour with streptavidin-biotinylated horseradish peroxidase (Amersham) diluted

1:400 in TBST. The nitrocellulose filters were finally washed three times in TBS and then

developed in a 10 ml ethanol solution containing 30 mg 4-chloro-1-naphthol, 50 ttl 30vo (wlv)

HzOz,40 ml 50 mM Tris/FICl (pH 6.8). Afer 5-10 minutes blots werc placed briefly in distilled

water and stored in the dark.

2.2.4 Enzyme'Linked Immunosorbent Assay

Serum IgG antibodies. The 18 kDa protein was dissolved in coating buffer and 200 ng of

protein added to each well of a 96-well immunoassay plate (Nunc)' The plates were incubated

overnight at 4'C, remaining sites blocked with PBS containing 10% FCS, and thcn washcd with

pBS containing 0.057o (v/v) Tween-20 (pBST). Sera from experimenral animals were obtained

from tail veins, serial dilutions of antisera prepared in PBS, and 100 pl samplcs added to the

wells. The plates were further incubated one hour, washed with PBST three times' and then wells
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incubated with 100 pl of biotinylated goat anti-mouse IgM or IgG (Becton, Dickinson) at 1:2000

dilution for one hour. Wells were subsequently washed with PBS before adding

streptavidin-biotinylated horseradish peroxidase (diluted 1:1000 in PBS) (Amersham,

Buckinghamshire, U.K.). The colour reaction was developed an hour later using 0.IVo (wlv)

l,2-phenylenediamine dihydrochloride in 25 mM citric acid, 50 mM disodium hydrogen

phosphate, and 0.000127o (wlv) hydrogen peroxide for 5 to l0 minutes in the dark. The reaction

was stopped by the addition of HCI to a final concentration of 3.3Vo and the absorbance at 486 nm

read immediately in a Sci-Med Kontron SLT20 automated enryme-linked immunosorbent assay

(ELISA) reader.

Cells expressing the lE kDa gene. Cells were washed wice in PBS, 2x106 cells

rcsuspended in 1 ml of lysing buffer, the cell-lysate frozen and thawed threc cycles at -70'C and

room temperatue respectively, dispersed using a 25 gauge needle attached to a plastic syringe, and

centrifuged at 12,500 x g for 5 minutes. Serial dilutions of the supernatants were created in

coating buffer, added to 96-well immunoassay plates in 100 pl samples, incubated forone hour at

room temperature before blocking wells with 100 pl of PBS containing 107o FCS. The mAb L5 or

polyclonal anti-18 kDa antisera (1:1,000 dilution in PBS) were added to wells in a total volume of

100 pl. Plates were incubated for an hour and furttrer treated as described above.

2.2.5 Construction of pLSNL Vector Containing the M. leprae 18 kDa Gene

The plasmid pML3 (Booth etal., 1988a) was cut with Asp718 and end-filled using DNA

polymerase I (Large fragment). A 616 base pair Op) fragment containing the complete M. leprae

18 kDa gene was then generated by Bamln digestion and spliced into the SzaI andBamHI sites

of the Bluescript KS+ (Stratagene) vector to give pML3KS. This vector was digested with BstEtr

andXhol, treated with mung bean nuclease to rEmove single-stranded overhangs, and then ligated

with a double-stranded synthetic 12-mer oligonucleotide (CTCGAGCCATGG). A series of

plasmids rcsulting from this ligation wer€ sequenced and one with the synthetic 12-mer inserted in

the desired orientation was selected (pML3KSKoz2). This plasmid was then digested with XftoI

and BamIil to yield a 493 bp fragment containing the 18 liDa gene with a Kozak consensus

sequence (Kozak, 1986) in-frame, three codons upstream of the original 18 kDa initiation codon.

Finally, this fragment was inserted into the Xholand Baniln sites of the pLSNL vector (Overell er

al., L987) to give a rccombinant pLSNL.ta6 designed to express the M. leprae 18 lDa protein in

eukaryotic cells from a putative high-efficiency ribosome-binding site. This constnrct contains the

M.leprae 18 kDa gene and the neo gene (dcrived from the transposon Tn5 [Southern and Berg,
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19821) which confers resistance to G418 in eukaryotic cells (Fig' 2'6)'

section was performed by Dr Booth'

pLSNL

The work described in this

- -

Barrdil Xltlr.I

Figure 2.6 scheme for insertion of the l8 kDa gene into the pLSNLI- tt:::Ts vector' A Kozak

consensus sequence was added to the 5, end of 1g kDa gene to generate an efFrcieni inidation site by eukaryotic

ribosomes. The Kozak sequence possesses a purine ar position -3 upstream from the ATG start codon and a G at

position +4. The original ATG 1g kDa start codon is underlined. The plasmids containing the Kozak-l8 kDa gene

(pML3KSKo z2) andthe pLSNLzeo vector were digeSted with XhoI and BamHI and then ligated to generate the

recombinant pLSNL/St construct. The arrows indicate initiation sites for transcription' The final constnrct

ranslates into a rtuee peptide (MetAlallisllS kDa fusion protein.

2.2.6 Transfection of the pLSNLlar vector into the ry-2 Packaging cell Line

The packaging cell line ry-2 was transfected with plasmid DNA from the pLSNLrat constnrct

using the calcium phosphate precipitation procedure (Graham and van der Eb' t973)' The y-2

cells were also transfected with the pLsNL vector, expressing the neo gene-prduct only'

DNA-CaClz mixtures containing 10 pg of vector-DNA and 250 mM CaClz were prepared in a toal

volume of 1.5 ml. The DNA solution was then added dropwise to 1'5 ml of 2x HBS' whilst

mixing gently. The formed precipitaa was pipetad onto a 707o confluent monolayer of ry-2 cells

in a fi5 flask containing 20 ml DMEM supplemented with 10zo Fcs and incubated at 37'c. The

culture medium was replaccd after 18 hours and antibiotic selection,0.5 mg/ml G4l8 (sigma)'

initiated after a further 24 hours incubation. G4l8-containing medium was replaced evcry 3-4

days and the concentration of G41g increased to I mg/ml on day 7. Transfecmnts were incubated

-3 +l 14
CTCCA GCCAJI13 CCACACA ATE

Page 4t



for at least wo weeks in G4l8-containing medium. The ty-2 cell lines ransfected with DNA from

pLSNl-rar or pLSNL constructs were tenned t4t-2ta* or r4l-Zneo respectively, and used for

infection of nrmour cell lines and splenocytes (section 2.1.16).

2.2.7 Northern Blot Analysis

Total ribonucleic acid (RNA) was obained using a combination of guanidinium thiocyanate

lysis and acid phenol-chloroform extraction (Chomczynski and Sacchi, 1987). Cells (1-4x10r)

were collected in 50 ml Falcon tubes, lysed with 10 ml of guanidinium thiocyanate solution,

dispersed by passage through an l8 gauge needle, and sonicated. The cell lysate was

phenol-chloroform extracted and precipitated with 95Vo ethanol. Recovered total RNA was

washed in707o ethanol, dried, and dissolved in water treated with diethylpyrocarbonate (depc).

Isolation of messenger RNA (mRNA) was performed by chromatography on an

oligo(dT)-cellulose column (Sigma), as described by Maniatis etaJ. (1982). An equal volume of

2x loading buffer was added t6 each sample, heated to 65"C for 5 minutes, and loaded onto the

column. The mRNA was eluted with 2-3 column-volumes of sterile 10 mM TrisAICl (pH 7.5),

conraining I mM EDTA and0.O57o (dv) SDS, and precipitated by adding 0.1 volumes of 3 M

sodium acetate (pH 4) and 2.2 volumes of 95Vo ethanol. Samples were incubated at -20oC

overnight, mRNA recovered by centrifugation at 12,500 g for 15 minutes, washed in TOVo

ethanol, dried and then dissolved in depc-treated water. Electrophoresis of 10 pg samples of

mRNA in RSB was achieved through a 0.8Vo (w/v) agarose gel, containing 6Vo (vlv)

formaldehyde (Maniatis et a1.,1982). Messenger RNA was transferred onto a nitrocellulose filter

(BA 85 Scheicher & Schuell, Dassel, West Germany), using 10x standard saline citrate (SSC) and

capillary blotting (Maniatis et a1.,1982). Filters were baked for 2 hours at 80oC and prehybridised

with a solution containing 1.0Vo dexvan sulphate,507o formamidc, 17o SDS and 1 M NaCl.

Hybridisation was performed at 42oC overnight by adding 1-2x106 dpm/ml of 32P-labelled probes

(see below), washed at 65oC in IxSSC containing 17o SDS for 10 minutes, and exposed to

XAR-5 film (Eastman Kodak Co., Rochester, NY), using Cronex intensifying screens @upont

Co., Wilmington, DE).

The 18 kDa probe was prepared by cutting the vector pML3 with BslEtr and HindtrI, and the

neo probe by cutting the vector pSV-2"eo with Hfndltr and Bgltr. The DNA was purified by gel

elecrophoresis in low melting agarose (I9o wlv), excision of the appropriate DNA fragment, and

extraction with phenol-chloroform at 60oC. Each fragment, 150 ng, was labelled using 25 pCi

32P-dCTP (NEN) in a random primer DNA labelling system (BRL, Life Technologies, Inc.,

Gaithersburg, MD).
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F'ters were washed with boiling water andrehybridised with a chicken p-actin cDNA prcbo,

which cross-hybridises with mouse p-actin RNA, to quantify thc relativc amount of mRNA per

sample.

2.2.8 ImmunoPreciPitation AssaY

The cell culturcs were washed twice with methionine-free PBS, incubated at 370C for 30

minutes with 1 ml methionine-free RPMI 1640 containing2Vo FCS, and radiolabelled with

100 pci of 13s51-*ethionine (>800 ci/mmol, NEN) for 4 hours' cultures were then washed

twice wirh pBS containing 5 mM methionine and tysed in 1 mt of immunoprccipitation buffer'

Cell lysates wel€ centrifuged at 100,000 x g for t hour at 4oC' preabsorbed' first with normal

rabbit serum and staphylococcal protein A (SPA), and then with SPA only' Preabsorbed cell

lysates were incubated with sPA-coupled sepharose (Pharmacia) and 5 pg of L5 mAb for t hour

ar 40c, washed once with RIPA buffer, and twice with high-salt buffer' The beads were further

washed with 50 mM Tris/ttcl (pH 6.8), 40 pl of PAGE-RSB added, and boiled for 5 minutes'

After a short centrifugation at 12,500 x g the supernatants were immediately fractionated onal2vo

polyacrylamide gel (section 2.2.2). The gel was then fixed in Sovo (vlv) ethanol adrtdT '59o (vlv)

acetic acid for t hour, fo[owed by 2}voethanor and,L}vo acetic acid overnight, and then treated

with water-soluble fluor (l M sodium salicylate) for 30 minutes' Fixed gels were then dried on a

Bio Rad slab Dryer and exposed o xR-5 film at -70oc for 48 hours'
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RESULTS

The aim of the work summarised in this chapter was to investigate the responsiveness of the

cell-mediated immune system against M.leprae in mice. one particular protein of M. leprae was

selected for study. This protein, designated the 1g kDa protein, might be important in generating

immunity to leprosy. Different types of cell-mediated immunity against the 18 kDa protein werc

s$died in various mouse suains and the genetic control of responsiveness determined- The

responsiveness to whole mycobacteria organisms was also investigated. The immune responses

were evaluated in invivodelayed-type hypersensitivity reactions and in invitro proliferative and

cytotoxic T cell responses. It was important to establish whether all mouse strains respond equally

to this crucial protein of M. leprac and to determine the T cell epitopes recognised in these strains

of mice. The in virro responses of 18 kDa-specifrc T cell lines were also examined

The results chapter is divided into six sections, each considering one aspect of murine

responsiveness to the 1g kDa protein of M. Ieprae. section 3.1 considers investigations to obtain

optimum conditions for in vfrro proliferative responses to the 18 kDa protein' Section 3'2 includes

the results which characterised the cells responding in vitro to the 18 kDa protein' In section 3'3'

proliferative T cell epitopes of the 1g kDa protein were examined using synthetic peptides.

cytotoxic T cell responses specific for the 18 kDa protein and peptides were characterised and

results presented in section 3.4, followed by a summary of dclayed-rype hypersensitivity

responses to the 18 kDa protein in various mouse strains (section 3'5)' Finally, the nature of

immune fEsponses of 18 kDa-specific T cell lines was investigated (secdon 3'6)'

ESTABLISHMENT OF OPTIMUM CONDITIONS FOR IN VITRO

RESPONSES TO THE lE kDa PROTEIN

The competence of mice to respond to the 18 kDa protein from the M. leprae bacterium was

measured by priming with the appropriate antigen and determining the ability of lymphoid cells to

proliferate invito. To establish the optimum conditions for measuring responsiveness in this way

it was necessary to determine the following puameters: (i) in vivo priming dose of 18 ld)a

protein, (ii) in viyo and invitrokinetics of the response, and (iii) optimal concentrations of antigen

and lymphocytes invitro. These experiments were achieved using a murine T cell proliferative

assay (corradin et al.,lg77),18 kDa protein purifred from recombinant yeast and E' coli ceIL'

culrures, and a synthetic full-length 18 lcDa polypeptide. The E. coti-deived 18 kDa protein was

used unless otherwise indicated.

3.1
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3.1.1 Priming Effect of Complete and Incomplete Freund's Adjuvant

Freund's adjuvant is used to enhance the induction of immune response to antigens (Herbert,

1968 and Beller eta|.,1980). Complete Freund's adjuvant contains M. smegmarr,s in mineral oil

and incomplete adjuvant contains mineral oil only. The influence of these adjuvants on

proliferative responses to the 18 kDa protein was investigated-

Groups of B10.BR mice were immunised with 10 pg of 18 tDa protein emulsified in either

CFA or IFA. Control mice were immunised with PBS mixed with CFA orIFA. One week later,

LNC from immunised animals were cultured at 2x106/ml with 0-50 pglml of the immunising

protein. Proliferative rEsponses to the 18 kDa protein were determined on the fourth day of culture

(Fie. 3.1).

Animals immunised with 18 kDa protein emulsified in CFA or IFA responded in vitro in a

similar fashion to the immunising antigen. Mice that received PBS emulsified in CFA exhibited a

negligible invttro proliferative response to the 18 kDa protein and LNC from mice immunised with

PBS in IFA unaffected.
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Figure 3.1 The effect of priming with complete or incomplete Freund's adjuvant on proliferative T cell

responses to rhe 18 kDa protein. Separate Sroups of BIO.BR mice were injected with either 10 ttg 18 kDa protein

emulsified in CFA or IFA or with PBS emulsified in CFA or IFA. Seven days post-immunisation, LNC were

incubated with a range of concentrations of E. coliderived 18 kDa protein and proliferative responses measured on

ttre 4th day of culture by tllIJ-TdR incorporation over the following 8 hours.

Because of the possibiliry of cross-reacdvity between the M. leprae 18 kDa protein and

M. smegman's in the complete adjuvant, IFA was used in all subsequent experiments. However,

the result in Fig. 3.1 demonstrated that there were no differences in responsiveness between

groups of 18 kDa protein-immunised mice with or without mycobacteria in the adjuvant.
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3.L.2 Effect of Priming Dose on, and specificity of Protiferative Responses

Experiments were designed to investigate the presenco of T cell stimulatory activities in

various inbred mouse strains and the effect of the priming dose of the M. leprae 18 lcDa protein on

proliferative T cell resPonses.

C3H/tIeJandFl@ALB/cJxC3IVfleDmicewereimmunisedsubcutaneouslyatthebaseof

the tail with 1, 5, or 10 pg of yeast recombinant 18 kDa protcin' Each group consised of three

mice. one week later, LNC cultures were challenged in vino with 0'241tg of the immunising

protein. After a three day incubation perio( cells were assayed for proliferation (Fig' 3'2)'
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Figure 1.2 The effect of priming dose on proliferative T cell response to yeast-derived 18 kDa protein' The

c3H/t{el and F1 TBALB/GI x CaIVHeJI strains of mice were immunised with l, 5, or l0 pg of 18 kDa protein

purified from recombinant yeast culblre supematant. One week post-immunisation' lymph nodes were removed' and

cells challeng d in itrowith yeastderived 1g kDa protein. The poliferative response was measured after 3 days of

culture, by adding pI{l-TdR and incubation for an additional 16 hour period' The incorporation of radiolabelled

rhymidine was estimated by liquid scintillation counting'

C3H/He.I

Fr GALB/qIxC3H/HqI)
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Mice responded strongly to the immunising antigen in a dose-dependent fashion and the

immunising dose of 18 kDa protein influenced the degree of in vitro proliferation. A dose of

10 ttg of 18 kDa protein elicited the greatest proliferation and 5 pg a reduced response. A priming

dose of I pg of 18 kDa protein was capable of inducinganin vrrro LNC stimulation.

Experiments were performed to ensure that the murine proliferative T cell responses were

specific for determinants on the 18 kDa protein and not due to minor contaminating proteins of

yeast or E. coli orign. Initially, randomly selected strains of mice were tested for responsiveness.

The C3FI/[IeJ mice were immunised with 10 pg of yeastderived 18 kDa protein and F1 @ALB/cJ

x DBA/2J) mice with 25 tte synthetic full-length 18 kDa polypeptide. Lymphocytes from both

strains of mice were then challenged in viro with 0-24 trlml of recombinant E. colf-derived or

synthetically made 18 kDa protein (Fte 3.3).
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Figure 3.3 Specific proliferative T cell responses to the l8 kDa protein. The C3tVlIeJ mice were injected

with l0 pg of recombinant yeast-derived 18 kDa protein and F1 [BALB/cJ x C3IVHeJ] mice with 25 ttg
syntherically made l8 kDa polypeptide. In a second experiment, BALB.B mice were immunised with 10 pg

E. coliderived 18 kDa protein. After 7 days, LNC were challenged invitro with E. coli-derivd or synthetic 18 kDa

protein. The cell growth was measured by FHJ-TdR incorporation over 16 hours after a 3 day incubation time.

Fl (BALB/cJ x C3H/HqI)
Synthetic 18 kDa protein
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In a second experiment, BALB.B mice were injected with 10 pg E' coli'deived 18 kDa

Forein and LNC subsequently tested for proliferative responses in virro against synthetic or E. coli-

derived 18 kDa Protein (Fig. 3'3)'

The results of these experiments showed that 18 kDa primed LNC responded to the invitro

antigen in a dose-dependent manner regardless of the protein source used for immunisation' This

indicated that the rcsponse was specific for 1g kDa protein determinants. Synthetic 18 kDa p'rotein

preparations also contained both higher and lower molecular weight materials (data not shown)'

This could explain the lower in vitro proliferative response to synthetically madc, compared to

E. coli-deived, 1E kDaprotein, following immunisation with E' collderived 18 tcDa protein'

3.1.3 Kinetics ol In Vivo Primary and Secondary Responses

The effect of time of immunisation after a primary, and after a primary and secondary

immunisation (hyper-immunisadon) on in vino proliferative responses was investigated

For primary responses, a number of Fr @ALB/cJ x B10'BR) mice were immunised with

20 pg of 18 kDa antigen and lymph nodes harrested over the following 21 days' Lymphocytes

were cultured with 2, 10, or 50 pg/ml lg liDa protein and after four days in culure, incorporation

of ptll-TdR was determined over a period of 8 hours. Con A at I pglml or OVA at 50 pglml was

added to cultures in place of 18 kDa protein and served as a positive and a negative control

respectively. The results of these experiments have been illustrated Fig. 3.4A'

Invitroproliferation was noticeable three days after immunisation and the peak response tio the

18 kDa antigen developed five to seven days post-priming. Thereafter, proliferative responses to

the 1g kDa protein decrined but were still apparent at day 21. Antigen specificity was maintained at

all times, i.e. LNC responded to the immunising antigen but not to OVA' Con A at 1 pglml

resulted in proliferation with values of >105 counts/min for all LNC preparations'

The expcrimental outline to investigate the effect of a secondary in vivo immunisation on

proliferation was similar to that used for primary immunisation' A group of micc that received a

primary immunisation dose of 20 pg of 18 kDa prorein, were injected inraperitoneally 14 days

later with 10 pg of the same protein. Draining lymph nodes were I€moved at 4'7 
' 
or 10 days after

thc second injection and treated as those in the experiment of Fig. 3'4A'

Lymphocytes from hyper-immunised mice showed an increasing proliferation to the 18lDa

prorein from day 4 through to day 10 (Frg. 3.48). In contrast to a singlc immunisation' wherein

LNC showed maximum invitroproliferation 5-7 days after priming, the peak uptake of [:rrJ-TdR

hadnotbeen achievcduP to l0daYs'
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Figure 3.4 The kinetics of in vivo primary and secondary respons€s on in vitro proliferation to the 18 kDa

protein. Groups of F1 (BALB/cJ x B10.BR) mice were primed with 20 pg of 18 kDa protein. For primary

responses (A), mice were sacrificed at indicated days after priming and LNC prepared. For secondary responses @), a

group of mice were pined with 20 pg of 18 kDa protein emulsified in IFA and challenged on day 14 with l0 pg of
18 kDa protein in PBS. Mice were sacrificed after an additional 4,7 , or l0 days. LNC cultures from both groups of

mice were stimulated with 18 kDa protein (2, 10, or 50 pg/ml), OVA (50 pglml), or Con A (1 pg/ml) and

incubated for 4 days. The proliferarive resiponse, by [rIIJ-TdR incorporation, was measured over 8 hours incubation.

3.1.4 Effect of LNC Concentration on Proliferation

Fr (BALB/cI xDBNZJ) mice were injected with 10 ttg of 18 kDa antigen. LNC were

cultured one week post-priming at 1, 2, or 4x105 cells/ml in the pr€sonce of 0-24ltglml 18 kDa

protein in a total volume of 200 pl. Cultures were incubated for 96 hours and DNA synthesis

determined during the last 8 houn of culnne (Ftg. 3.5).

The maximum proliferative rcsponse per 106 LNC to the immunising antigen was achieved

using 2xLO6 cells/ml, except at high Qa pglml) antigen concentration. At 4x106 cells/ml, a high

background and poor antigen specific response was obscrved. Using a four day incubation

perio4 2x1ff LNgml was regarded as the ideal cell concentration for lymphoproliferative assays.
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Figure 3.5 The effect of in vitro lymph node cell concentration on proliferative T cell responses o the

lg kDa protein. Fl @ALB/.J x DBAPI) hybrid mice were immunised at the base of the tail with t0 pg of

recombinant E. cori4eived 1g kDa protein and lymph nodes removed seven days later. LNC were cultu€d arl,z,

or 4x106 cells/ml with a range of concentrations of the immunising protein' in a rcal volume of 200 pl'

proriferarion by immune cells o the lg kDa antigen was determined by adding t3I{r-TdR ro culrures on the 4th day

of incubation. cells were harvested g hours later and incorporation of radioisotope estimated by liquid scintillation

counting.

3.1.5 Kinetics of In vitro Proliferative Responses

The fol.lowing experimentwurs designed to determine optimum inviffo culture time to measue

proliferation after a single immunisation with the 18 kDa protein.

Fr @ALB lcJ xDBA/2J) mice were immunised with 10 pg of 18 kDa antigen' LNC

hanrested, and culnued at 2x106 ceu/ml in replica microtire-plates with 0-24 Fglml of 18 kDa

protein over a period of 5 days. Microcurtures were labelled with [3Iil-TdR after indicated days in

culrure and incorporation of radioisotope measured over 8 hours incubation 6ig' 3'6)'

Maximum proliferation occurred on the fourth day of incubation, showing a vigorous

rssponse to low concentrations of 18 kDa anrigen. A antigen dose-dependent response was

observed after three days in culture. After five days, a decreasing response to increasing

concentrations of antigen was observed. A four day incubation period was regarded as optimal in

this T cell proliferative assay, using a concentration of Zxlp LNOrnl'
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Figure 3.6 The kinetics of l8 kDa primed LNC on the in vitro proliferative T cell response. Fr hybrid mice

(BALB/eI x DBAIZI) were immunised with 10 pg of E. coli-deived 18 kDa protein. After 7 days, LNC at 2x106

celVml were challenged in itro with 0-24 pglml 18 kDa antigen. Analogous culnres were labelled with [3I{-TdR

after 3,4, or 5 days incubation and cells harvested 8 hours later.

3.1.6 Conclusions from Experiments Presented in Section 3.1

The optimum conditions for murine LNC to elicit an 18 kDa protein-specific in v[tro

proliferative response were considered to be the following. An immunising dose of l0 pg of

protein emulsified in IFA was found to be sufficient for a subsequent effective invitro proliferation

to a low concentration (1.5 ttg/ml) of antigen. All strains of mice used here responded in a similar

manner, but this has been studied in more detail (section 3.2.I). A LNC concentration of

2xlff/ml elicited the highest stimulation index, i.e. proliferation to antigen in comparison with the

response to medium alone. The peak in vitro-proliferative response occurred 5-7 days post-

immunisation. A second in vivo challenge with the 18 kDa protein decreased the magnitude of

invitro proliferation and the rcsponse showed different kinetics.
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3.2 CHARACTERISTICS OF THE CELLS RESPONDING IN VITRO TO

THE 18 kDa PROTEIN

Lymph nodes contain a hetcrogeneous group of lymphoid celt types' The nature of

proliferating cells invitroand variation :rmong genetically different populations werE investigated'

These were considered important for understanding T cell function in response to the 18 kDa

protein and to M.leprae and.M. tuberculosisantigens. Various functional T cell assays were used

in section 3.2. The cytokines produced by immune LNc in the responsc to the 18 lcDa antigen and

the effect of APC subsets on proliferation were also determined-

3.2.I H-2 and Non-H-2 Genes Influence RespOnsiveness

Susceptibility to leprosy is partly conrolled by the MHC locus (de vries, 1989)' It was

therefore of interest to investigate whether mice with different MHC loci (H-2 haplorypes)

responded in a consistent manner to the 18 kDa protein'

BALB/CJ, BALB.B, B10.BR, B10.M, and C57BU10J micc were immunised with 10 pg of

18 kDa protein. One week post-immunisation, para-aortic and inguinal draining lymph nodes

were removed and cell suspensions prepared. LNC were cultured with 0-24 pgmt of the

immunising antigen and proliferative responses estimated after forn days in culture (Fig' 3'74)'

The most striking feature of the results of these experiments was the apparent low

responsiveness of C5?BL/10J (H-2b) mice to the 18 liDa antigen' By comparison' LNC from the

congenic B10.BR (H-2k) and I}10.M (H-2f) mouse strains, possessing different H-2 loci to

C5?BL/10J on the same genetic background, both responded strongly' In addition' gene(s)

outside the H-2 complex were found to reverse the low responsiveness of the C57BL/10J H-2b

mouse strain, because BALB.B (H-2b) mice bearing different non-H-2 genomes were designated

high responden. It would seem ilrerefore, that gene(s) both within and outside the MHC complex

contributed to lymphocytic proliferative lesponses against the 18 kDa protein'

T celt proliferativc rcsponses of the F1 pro$enj mice from high and low responder mouse

strains were bred and tested for high and low responsiveness to the 18 kDa protein' They were the

following F1 gcnerations: @ALB/cJ x C57BL110J), (BALB.B x C57BL/10J), (810'BR x

C57BL/10J), and (B10.M x G57BL/10J). The G57BL/10I mouse strain was included as a

control. Mice werc immunised with l0 pg of 18 lDa antigen, LNC cultured with 0-50 pglml of

18 kDa protoin, and then trcated as described in Fig. 3.7A (for results see Fig' 3'78)'

The T cell responses of F1 hybrids mice were consistently higher than those for the low

responder c57BL/l0J parental strain. These results suggested that the gene(s) controlling high

responsiveness to the 18 kDa protein were inherited in a dominant manner'
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Figure 3.7 lnfluence of H-2 haplotype on T cell proliferative responses to the 18 kDa protein. Indicated

mouse strains (A) and F1 progen! mice @) were immunised with 10 pg of l8 kDa protein. The C57BL/I0J mouse

strain was hcluded as a control in (B). Seven days later, LNC were challenged in culnne with indicated amounts of

18 kDa antigen and incubated for 4 days. Culnres were labelled with pIIl-TdR and harvested after 8 houn

incubation. The data from BIO.M and F1 (Bl0Jvl x C57BL/I0I) LNC were similar to those of B10.BR and F1

(B10.BR x C57BL/10D respectively, and are not shown.

3.2.2 Low Responder Mice Require a High Immunising Dose to Induce

Proliferative T Cells

Groups, each consisting of three mice, of BIO.BR and C57BL/10J mouse strains were

immunised with 0.1, 1.0, l0 or 100 pg of 18 kDa protein. Seven days later, LNC cultures werc

prepared and the proliferative response to challenge with 18 kDa protein was measured four days

later @g. 3.8).
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C57BL/10J mice required an immunising dose of 10 pg of 18 kDa protein to induce a dose

dependent in vitro proriferation, whereas the BIO.BR mouse strain exhibited a strong response

following immunisation of 1.0 pg protein. Further, 10 pg of 18 t<Da protein induced the greatest

proliferative response in B10.BR mice, whereas the corresponding dose for C57BI/10J mice was

r00 pg. Immunisation of mice with 0.r lrg of rg kDa protein was insufficient to elicit a T cell

proriferative responsc upon chauenge in vitro f.or both strains. These results indicated that low

responder micc require a higher antigen-dose to induce a maximum response against ttre 18 kDa

protein. Lymphocytes from both strains in the above experiment responded comparably in mixed

lymphocyte cultures using allogeneic splenocytes as stimulators (data not shown)' Thus' low

proliferation of C57BI./10J LNC was not seen in other types of responses, suggesting that low

rcsponsiveness to the 18 liDa protein was a specific feature of this strain'
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# 0.1pg

0 0.08 0.4 2

('l
I
r-l
Y

l-{
X
AT

a-/tsts
0.a-)
AE
F.J
vI

50

10 50

L8 kDa protein (Pg/ml)

Figure 3.t The effect of 18 kDa protein immunising dose in a high and a low responder mouse strain on

proliferation. Groups of BI0.BR and G57BL/10J mice were immunised separately with 0.1' 1.0' 10, or 100 pg of

lg kDa protein. One week later, LNC at 2x106 cells/ml were tested in culture for proliferarive responses to

0-50 pg/ml of lg kDa protein. The incorporation of radioactive thymidine was estimated after a 4 day culture

perid
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3.2.3 Antigen-Specific Proliferation of fmmune LNC is Dependent upon CD4+

T Cells

The phenotype of invitro proliferating LNC primed with the 18 kDa protein was determined.

The T cells were fractionated into subpopulations by cytotoxic elimination using mAb against

various surface markers and rabbit complcment, before being tested in a proliferative T cell assay.

Ft (BALB/cJ x DBAEJ) mice were immunised with 10 pg of 18 kDa protein and LNC

hanrested after seven days. Single cell suspensions were incubated separately with the mAb

GK1.5, 83-L2.5, or T24-31.7 followed by the secondary mAb MAR18 and complement. Cell

suspensions were then washed,2xl06 viable cells/ml incubated with 0-50 pg/ml l8 kDa antigen,

and tested for proliferation (Fig. 3.9).
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Figure 3.9 The proliferative response of CDl-, CD8-, and Thy-l- LNC populations primed with the 18 kDa

protein. LNC from Fl @ALB/cJ x DBA/2J) mice, injected 7 days beforehand with l0 pg of 18 kDa protein, were

prrepared, treated separately with the mAbs anti-CDt (GKl.s), anti-CD8 (83-12.5), or anti-Thy-l G24-31.7)
followed by complernent. Control cells were treated with MARI8.5 antibodies and complement only. Cultures at

2x106 ceWml were ircubated for4 days and then labelled with [sHJ-TdR.

Treatment with anti-CD4 (Gk1.5) or anti-Thy-I (T24-3L7) mAb abolished the proliferative

responses to the 18 kDa protein, while anti-CD8 (83-12.5) mAb had no effect. The cells

responding and synthesising DNA in vitro after immunising and challenging with the l8 kDa

protein were essentially dependent upon CD4+, Thy-1+ cells.
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3.2.4TheProliferativeResponseisMHCclassllRestricted
Foreign antigens specific for receptor-mediated activarion of cD4+ helper T cells are restricted

by human HLA and mouse H-2 class II molecules, expressed on the surface of APC (Buus et al"

19g6). Effects of the I-A and I-E crass tr antigens on 1g-kDa protein responses were examined in

T cetl assays by determining whether monocronal antibodies against mouse class II molecules

inhibit the specifrc prroliferation of T cells'

BALB/cJmicewercimmunisedagainstthelskDaantigenusingl0pgofproteinandLNC

prepared seven days post-immunisation. Lymphocytes werc individually incubated with 10 Fg of

18 kDa p,rotein together wittr the mAb M5/11a (anti-tl-Ad, I-Edl)' MKD6 (anti-I-Aa)' or ttre control

mAb 10-3.6 (anti-I-Ak), GK1.5 (anti-cD4), or 83-12.5 (anti-cD8)' All mAb were used at

1 pg/ml in the microtitre plates and proliferation measured after4 days incubation @g' 3'10)'

80

?

=60x
F'E 40

u)

=20oI

$0"*
rF

"#*"*C
Figure 3.10 The effect of anti-MHC class II antibodies on T cell proliferation to the 18 kDa protein' BALB/d

mice were inoculated wirh l0 pg lE kDa protein and sacrificed ? days later. LNC were culnred x2xlc6 cells/ml

with 10 pg/ml of protein and anti-(I-Ad, I-Ed) (M5n14), anti-I-Ad (MKD6), anti-I-Ak (lG3'O' anti-cBt (GKl't'

or anti-CDg (g3-12.5) mAbs. After 4 days in cultures, the proliferative response was measured by [rH]-Tdn

incorporarion. proliferation to medium alone was 14x1G countilmin. The sE of the means of tripricate cultures is

shown on each bar.

The proliferative response of BALB/cJ lymphocytes to the 18 kDa protein was totally

abolished by the addition of GKl.5 and M5/114 mAb to the cultures, partially inhibitcd by MKD6'

and unaffected by mAb 10-3.6 and 83-12.5. The conclusions for this cxperiment were the

following. proliferating T cells carried the cD4 antigen and the response was unaffected by anti-
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CD8 mAb. The responses to 18 kDa protein in BALB/cJ mice were I-Ad and I-Ed rcstricted" as the

addition of anti-I-Ad mAb partially inhibited and and-(I-Ad, I-Ed) mAb entirely suppressed

proliferation to the antigen.

3.2.5 Bone Marrow-Derived Macrophages Present Antigen Efficientty to

IE kDa Protein-Primed T Cells

The bacilli M. leprae predominantly infects macrophages and Schwanrt cells of the nerve

(Kaplan and Cohen, 1986). It has been shown that both these cell populations can present

mycobacterial antigen to host T cells (Birdi and Antia, 1989). Schwann cells normally express

MHC class I molecules only, but expression of class II antigens can be induced by IFN-1.

Experiments were designed to investigate whether different APC populations could process and

present the 18 kDa protein to primed T cells with equal efficacy.

Short-term cultures of bone marrow-derived macrophages (BM-MO), a macrophage cell line

(J774), and a B cell hybridoma (L5) specific for the 18 kDa protein were tested for the ability to

stimulate 18 kDa protein-primed nylon wool-purified LNC. The expression of cell-surface MHC

class II, mlg, and Fc receptor molecules on the different APC populations were analysed using

flow cytometry (section2.l4). The results indicated that BM-MQ andJ774 tumour cells displayed

macrophage characteristics, whereas the L5 hybridoma belonged to the B cell lineage (data not

shown).

BALB/cJ micc were injected with 20 pg of 18 kDa protein. One week later lymph nodes were

prepared and a maximum of 108 cells subjected to two cycles of nylon wool purification.

Generally, 2O-30Vo of the starting cell population was recovered and 80-907o expressed Thy-l, as

determined by the T2+31.7 antibody and flow cytometry (data not shown). Serial dilutions of

BM-MO, W4, and L5 APC subsets werc added to wells containing 2x105 nylon wool purified T

cells. The 18 kDa protein wiu present in each well at a final concenration of 25 ttglml. Irradiated

spleen cells were included as control APC. After four days incubation, the DNA synthesis of

responding cells was determined (Fig. 3.11A).

Splenocytes stimulated nylon wool-purified T cells, but on a cell pcr cell basis BM-MO were a

more efficient APC porpulation. The cell lines J774 andl5 were incapable of functioning as APC,

even when IL-18 at a concentration of 5 ng/ml was added to the culnres (data not shown).

Primed LNC cultures and nylon wool-purified T cells, from the above described experiment,

werc tested for proliferation to G50 pglml of 18 kDa antigen wittrout the addition of APC, to serve

as positive and negative controls respectively (Fig. 3.11B). Nylon wool-purifred T cells did not

respond to the 18 kDa protein, whereas untreated LNC rcsponded in a dose-dependent manner.
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Experiments which are not shown henc, revealed that LNC that been through only one cycle of

nylon wool purification produced inconsistent results and were therefore not used.
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Figure 3.11 Comparison of antigen-presentation by different APC populations to 18 kDa protein-primed

T cells. BALB/cI mice were immunised with 20 pg 18 kDa protein and LNC trarvested 7 days later. T cells were

purified by passing the LNC over two successive nylon wool columns. Eluted cells (2x106 /well) were incubarcd

with various numbers of irradiated BM-MO, 1774 or L5 cell lines, or splenocytes as APCs in the presence of
25 pglml18 kDa protein (A). Primed LNC, untreated and nylon-wool purified, were also incubated with
0-50 pglml of 18 kDa protein (B). Cells were incubated for 4 days and proliferation measured by [efl-TdR
incorporation over 8 hours.

3.2.6 Immune LNC Secrete IL-2 upon Challenge In Vitro with 18 kDa Protein

Specific surface antigens exprcssed on various T cells allows separation into CD4+

helperlDTH and CD8+ cytotoxic/supprcssor T cells. The CD4+ T cell population has been funher

subdivided according to cytokines secreted upon stimulation. The THI and Tg2 cell types produce
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IL-2 and IL-4, respectively, amongst other shared and subset-specific cytokines (Table 4.1). It
has been suggested that resistance to some intracellular parasites correlates with clonal expansion

of Tgl cells (Locksley and Scott, 1991). It was therefore of interest to investigate cytokine

production of responding LNC from 18 kDa protein-immunised high and low responder mouse

strains.

BALB/cJ, B10.BR, and C57BL/10J mouse strains wcre immunised with 10 pg 18 kDa

protein. LNC culnrres were prepared 7 days post-immunisation and challenged with 0-50 pglml

of the immunising antigen in vitro. Culture supernatants were harvested after 48 hours of

incubation and assayed for stimulation of the indicator cell line I{I-2 (Fig. 3.12A).
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Figure 3.12 IL-2 and IL4 production in vitro by 18 kDa protein-primed LNC. BALB/cJ, BIO.BR, and

C57BL/I0J srrains of mice were immunised with l0 pg of the l8 kDa protein. After 7 days, LNC at 2x106

cells/ml were cultured with 0-50 pg/ml 18 kDa protein and supernatants collected after 48 hours. The supematant

was tested ata Ii2 dilution for stimulation of the indicator cell line I{f-2 (A). The supernatant from LNC culnred

with 50 pglml of 18 kDa antigen were tested at a l:2 dilution on HT-2 cells in the presence and absence of
l0 pg/tnl of the mAbs 5486 or l lBl I (specific for murine IL-2 and IL4 respectively), or both mAbs together (B).

Cultures were incubated for Z houn and the stimulation of HT-2 cells measured by PIIJ-TdR incorporation.
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Supernatants from BALB/cJ and BIO.BR mice readily stimulated HT-z cells, while those

from C57BL/IOI mice were less stimulatory. The outcome of this experiment reflected the

high-low responsiveness observed in proliferative assays (Fig. 3.7).

To determine the presence or absence of IL-2 and IL-4, supernatants from LNC cultured with

50 pg/ml of 18 kDa protein were also incubated with cytokine specific mAb and HT-2 cells

(Fig. 3.12B).

The addition of the mAb 5486 (anti-Il-2) to culture supernatant from all three strains tested

completely inhibited stimulation of the indicaCIrcell line, whereas llBll (anti-Il-4) had no affecr

Therefore, the majority of responding lymphocytes in primary LNC cultures from 18 kDa

immunised mice consisted of IL-2 producing cells from both high and low responder strains,

indicating that responding cells were predominantly of Tsl phenotype.

3.2,7 M. tuberculosis Antigen Possesses Epitope(s) that Cross-React with

M. leprae 18 kDa Protein

The BALB/cJ and C57B[/10I mouse strains were immunised with 10 pg of E. coli- and yeast-

derived l8 kDa protein, respectively. Lymphocytes from the draining lymph nodes were

subsequently cultured with 18 kDa protein, M. leprae, M. tuberculosis, or lysozyme (only

C57BU10J LNC) antigens at concentrations ranging from 0 to 50 pelml (Fig. 3.13).
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Figure 3.13 The proliferative T cell response of 18 kDa protein-primed LNC n M. Ieprae and M. tuberculosis

antigens. BALB/cI mice were injected with 10 pg of E. coli- and C57BUI0J mice with yeast-derived 18 kDa

protein. After 7 days, LNC were cultured at 2x 106 cells/ml with indicated antigens at 0-50 pg/ml for 4 days and th

en labelled with I3IIJ-TdR.
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The LNC were found to respond to both M. leprae and M. ntberculosis antigens, irrespective

of the source of recombinant 18 kDa protein used forimmunisation. Further, the magnitude of the

response was greater in the BALB/cJ mouse strain in comparison with C57BL/10J mice,

confirming the high responsiveness of this srain to this protein (Frg. 3.7).

However, in other experiments a small stimulation of unprimed LNC by mycobacterial

antigens was observed. Groups of B10.BR mice were therefore immunised with 10 pg 18 kDa

protein or PBS emulsified in IFA. Seven days later, LNC from these mice and from control

unprimed B10.BR mice were tested in vitro for proliferation to 18 lDa, M. leprae,or

M. tuberculosis antigens, at concentrations ranging from 0 to 50 pg/ml After a four day

incubation, DNA synthesis of responding LNC was estimated over eight hours (Frg. 3.14).
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Figure 3.14 The proliferative T cell response of l8 kDa protein-, PBS-primed, or unprimed LNC to M. leprae

and M. tuberculosis antigens. BIO.BR mice were immunised with l0 1tg E. coli -derived 18 kDa protein, PBS, or

no treatrnenl After ? days, LNC were cultured at 2x106 cellVml with indicated antigens at 0-50 pg/ml for 4 days

and then labe[ed with [sII]-TdR.
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The 18 lDa protein elicited a subsequent invito lymphocyte proliferation of 18 liDa protein-

immunised mice, but not of PBS-primed or unprimed LNC. Immunising with 18 kDa protein

induced strong proliferative responses against M. leprae and M. tuberculosis antigens, in

agreement with the results presented in Fig.3.13. A small response to M. leprae and

M. ntberculosrs antigens was observed in the absence of any specific priming.

The conclusions from experiments presented in figures 3.13 and 3.14 were that the 18 kDa

protein containedcross-reactive determinant(s) with M. tuberculasu and M.leprae antigcns. The

M. ttherculosls and M. leprae antigens also induced a small non-priming specific stimulation of

murine LNC iz vitro.

3.2.8 Frequency Analysis of 18 kDa-Immune LNC Responding to 18 kDa'

M. leprae, and, M. tuberculosis Antigens

The relative proportion of the numbers of 18 kDa protein-primed T cells of high and low

responder strains recognising various mycobacterial antigens in vitro was analysed in limiting

dilution analyses (I-DA).

Mice were immunised with l0 pg of 18 kDa protein, LNC prepared 7 days later, and

challenged invitro with either 10 pg/ml 18 kDa protein, 201tglnn M. kprae or M. tuberculosis, or

no antigcn. Inadiated syngeneic spleen cells werc used as a source of APCs. After 5 days, cells

in culture were restimulated with frcsh antigen, irradiated splecn cells and murine IL-2. Cultures

were incubated for 2 further days and then labelled wittr I3IIJ-TdR fsr 16 hours. The frequency of

responding cells was calculated according to criteria set out in Materials and Methods

(section 2.2.11).

The results of these experiments, summarised in Fig. 3.15 and Table 3.1, showed differcnces

benveen the strains, with responder frequencies for the 18 kDa protein rangrng from 12,700 in

BALB/cJ mice to l/14,000 in C57BL/10J.

The differcnces in precursor frequencies were consistent with the conclusions from T cell

proliferative assays, where the C57BU10J mouse strain was identified as a low responder to the

18 kDa protein (Fig. 3.7). For all strains, immunisation with 18 kDa protein resulrcd in a much

lower T cell precursor frequency to M. leprae or M. tuberculosis antigens than to 18 kDa protein,

revealing that perhaps S-lOVo of l8 kDa antigen-stimulated T cells responded to M. leprae or

M. tuberculosis. Mice immunised with synthetic 18 kDa protcin and LNC subsequently

challenged in vitro with synthetic or E. coli-drived l8 kDa protein elicited comparable invitro

proliferative responses Gig. 3.3). Therefore, the high precursor frequencies to the 18 kDa protein,

in comparison !o M. leprae and M. tuberculosis as antigens, were not due to contarninaing E. coli
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prctein carried ov€r from the preparation of the rccombinant 18lOa protein. Further, LNC from

mice immunised with an unrelated protein, OVA, did not elicit a proliferative response to E. coli

derived 18 kDa prctein in culturc (data not shown).

Tabte 3.1 Frequency Analysis of 18 kDa-Immune LNC Responding to 18 kDa,

M leprae, or M. tuberculosis Antigensl

ANTIGEN USED IN VITRO

STRAIN RESPONDER l8lcDa M.leprac M.tuberculosts

TYPE2

BALB/d High U2,7W 1/61,000 1182,000

BALB.B High l/6,500 1/45,000 1/37,000

BIO.BR High l/8,400 1/68,000 1/100,000

810.M High ln,6m 1/90,000 1/100,000

C57BU10J I-ow l/14,000 l/110,000 l/100,000

I From data of experiments in Fig. 3.15 with the exception of BIO.M mice.

2 From data of experiments described in Fig. 3.7.
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3.2.9 M. leprae-Imtnune LNC Respond to M. leprae and, M. taberculosis
Antigens but not to the 18 kDa Protein

Proliferative T cell responses to M. leprae antigen were investigated in various strains of mice.

The BALB/cJ, B10.BR, and C57BU10J strains were immunised with 20 trg of M.leprae anrigen,

LNC culnrres prepared, and incubated with M.leprae,M. tuberculosis or 18 kDa antigens at

0-50 pglml. Lymphocyte cultures were radiolabelled with [3Hj-thymidine during the last 8 hours

of a four day incubation period (Fig. 3.16).

All three mouse strains tested showed a strong proliferative response to M. Ieprae and

M. tuberculosls antigens in a dosedependent manner, whereas the 18 kDa protein failed to elicit an

in vitro T cell stimulation. Thercfore, T cells primed against M. leprae antigen showed cross-

reactivity with determinants found on M. tuberculosis antigen but not on the 18 liDa protein.

40

Mouse strain
---# BALB.B

BALB/c.t

* C57BL/10J

20

M. leprae (pg/mt)

40

0 0.08 0.4 2 r0 50 0.5

M. tuberculosis (pglml) 18 kDa (pg/ml)

Figure 3.15 The proliferative T cell response of M. leprae primed LNC o M. leprae, M- tuberculosis, and

18 kDa antigens. BALB/cJ, BALB.B, C57BL/10J mice were immunised with 20 1tg of M. leprae antigen. After 7

days, LNC were cultured separately with M. leprae (A), M. tuberculosis @), or l8 kDa antigens (C) at 0-50 pgml.

Attclr 4 days in culure, the T cell poliferative response was measured by FHJ-TdR incorporation.
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3.2.10 Frequency Analysis of M. leprae'lmmune LNC Responding to M' leprae

and 18 kDa Antigens

LDA were exploited to estimate the frequency of M.leprac and 18 kDa protein reactive T cells

within M. leprae antigen-primed LNC populations'

BALB/cJ, BALB.B, and C57BU10J mice were injected with 20 PgM'leprae antigen in IFA'

lymphocytes from the draining lymph nodes prcpare4 and incubated with M ' leprae or 18 kDa

proteins under conditions of limiting dilution (section 2.2.11). M. leprae-primed LNC exhibited

frequencies of M. lepraeresponding lymphocytes ranging from 1/1'100 in BALB'B and 1/1'500

in BALB/cJ, to 1/6,000 in c57Bu10J mouse strains @g. 3.17 and rable 3.2).

Even though the frcquencies of cells which responded to M- Ieprae antigen varied from

1/1,100 in BALB.B-IeJ/6,000 in c57BL/10r mice, microcultnrcs of M. teprae-pnmedLNC from

these mouse strains revealed comparable proliferative responses to the immunising antigen

(Fie. 3.16A).

Further, M.leprae-primed LNC chatlenged with 18 kDa protein showed frequencies of

<1/200,000 for all strains tested (Table 3.2). These results were in agreement with the

non-responsiveness to the 18 kDa protein observed in T cell proliferative assay (Fig. 3'16C)'

Table 3.2 FrequencY AnalYsis

M. lePrae or 18 kDa

of M. leprae'Immune LNC Responding to

Antigensl

ANTIGEN USED IN VITRO

STRAIN RESPONDER

TYPE2

M.leprae 18lcDa

BALB/cJ

BALB.B

C57BU1OJ

High

High

High

1/1,500

1/1,100

1/6,000

< 1/200,000

< 1200,000

< 1/200,000

I
2

From data of experiment displayed in Fig. 3.17'

From data of experiment displayed in Fig. 3.16'
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3.2,11 Conclusions from Experiments Presented in section 3'2

The lymphoproliferative response to the 18 kDa antigen was dependent upon cD4+ T cells and

proliferation was class II MHC I-A and I-E restricted. High responsiveness to the 18liDa protein

was possibly due to dominant gene(s) in both H-2 and non-H-2 encoded regions' The low

responder C57BU10J strain showed a 2-5 times rower frequency of reactive T cells to the 18 kDa

protein than high responder strains. A similar pattern of high and low rcsponsiveness was found

in proliferative T cell assays. Primed LNC secreted IL-2 but not IL-4 upon stimulation invitro

with 1g kDa protein. Short-term bone marrow-derived macrophages but not the macrophage cell

line J774, or the 1g LDa-specific B cell hybnidoma (L5) could present antigen and stimulate t8 lDa

protein_primed r cells. The 1g liDa protein-primed LNC showed cross-reactivity with M. leprae

and M. tuberculosis antigens. LNC primed with M. leprae antigen did not evoke a detectable

proliferative rcsponse to 18 kDa protein, but responded to both M' leprae and M' tuberculosis

antigens. The same results were achieved using LDA'

Page 75



3.3 PROLIFERATIVE T CELL EPITOPES OF THE I'8 KDA PROTEIN

Synthetic 18 kDa peptides were used to identify potential T cell stimulatory epitopes'

Experiments were performed using two different protocols. First, mice were immunised with

18 kDa protein and the portion of the protein "seen" by the immune system was revealed by

determining which particular peptide(s) stimulated primed T cells invitro (section 3'3'1)'

Processing of IIEL in vivo has been shown to influence the T cell repertoire expressed @rett

etal.,lggg). The processing of a protein might desuoy potential r cell stimuratory epitopes.

Thercfore, secondly, in a set of experiments the specificity of r ccrls primed with peptides was

estimared by subsequent restimulation in virro wittr whole 18 kDaprotein (section 3'3'2)'

Two sets of synthetic 18 kDa peptides were available for these analyses' spanning the

complete 18 kDa a.a. sequence. The RlP-designated peptides were 16-36 a'a' in size and their

location within the 18 kDaprotein were the followinEi a-a.8-24,2640'43-57'79-98'91-126'

97-112,101-115, 109-125, 111-125, 121-135, and 131-148 (Frg. 2'2)' The 2Gmer peptides', 20

a.a. in length and overlapping by five a.a. at either end, spanned the entire 18 liDa protein and

consisted of the following residues: 1-20, 16-35, 31-50, 46-65,61-80, 76-95,91-110' 10G125'

I}l-t4O, 136- 148 (Fig. 2.3).

From preliminary experiments it was established that a stimulation index (SI) of 1'5 was an

appropriate level to segregate positive from negative cultures' Similar conclusions havc been

derived by others (Langton etal.,1988).The experiments presented in this section represent the

results of a number of experiments wherE each group consisted of at least three mice and the SE of

triplicate cultures were generally less than +107o of ttre mean counts/min'

3.3.1 Mice lmmunised with the 18 kDa Protein Respond to few

Immunodominant Regions

BALB/cJ, BALB.B, and F1 @ALB/cJ x DBA/2J) mice were immunised with 10 pg of

M. leprae 1g kDa protein and LNC challenged individually in culture with RlP-designated

peptides at 0-50 pg/ml (Fig. 3.18). The pcpdde Lw-125 was tested only against LNC from

BALB.B mice and not used in subsequent experiments'

The results from these experimcnts showed that the peptides consisting of a'a' 91-126 and

111-125 stimulated proliferative responses of BALB/cJ and Fr @ALB lcl xDBN2I) LNC and

that peptides 91-126 and 109-125 stimulated those of BALB.B mice, primed with intact 18 kDa

protein. LNC from these mice were also tested against l0 pglml of 18 kDa protein, which resulted

in SI of 3.2-8.4 (data not shown).
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Figure s.lt The T cell recognition sites of the 18 kDa protein by protein-primed LNC defined by

RlP-peptides. BALB/d, BALB.B, and F1 TBALB/cJ x DBA/2J) mouse strains we.re immunised with 10pg 18 kDa

protein. After 7 days, LNC at 2x106 cellstnl were s€parately challenged with three concentrations of RlP-peptides.

The proliferation o peptides were measured by tllIJ-TdR incorporation on day 4. The SI for the experimental

cultures was calculated using ,1t" ;6snrrl4: (mean countVmin in the presence of antigen) / (mean countVmin in the

absence of antigen). The 'lashed line was set at 1.5 and experimenal culnres eliciting SI >1.5 were regarded as

positive. The medium contnols were 7,500,4,600, and 10,000 countstnin for BALB/d, BALB.B, and F1 @ALB/cJ

x DBA/2J) LNC cultures, rcspectively.

BALB.B
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The peptides 101-115 and L2l-135 induced little or no response, implying that the region

covered by a.a- 116-120 of the 18 tDa protein was essential for stimulation of l8 kDa protein-

primed T cells. The H-20 haplotype strains BALB/cJ and F1 @ALB/cJ x DBA/ZJ) and the H-2b

mouse strain BALB.B responded invitro to residues 111-125 and 109-125, respectively. This

observation suggested that this region stimulated T cells of both H-2a and H-2b haplotypes.

Therefore, it appeared that the 18 kDa protein was processed and peptide fragments prcsented to

T cells in a similar manner in these mouse strains.

The 18 kDa 20-mer peptides were systematically tested in lymphoproliferative assays to

identify additional T cell stimulatory epitopes not covered by the RlP-designated peptides.

BALB/cJ, B10.BR, and C57BL/10J mice were immunised with l0 pg of 18 IiDa protein and LNC

tested in vito for re sponsive ness to the 20-mer peptides at 0.25, 2.5 , or 25 1t g/ml, in proliferative

T cell assays (Fig. 3.19)

Mice of H-2a haplotype (BALB/cI) produced an antigen dose-dependent response to the

peptide corresponding to a.a. 10G125 of the 18 kDa protein sequence. This was in agreement

with rcsults obtained from other H-2d mouso strains using RlP-designated peptides, where

peptide lll-125 exhibited a substantial response (Fig. 3.18).

The C57BL/10J mouse smin (H-2b) showed a proliferative T cell response to peptide 1G35

invitro. This is in contrast to the H-2b mouse strain BALB.B, which responded convincingly to

a.a. 109-125 and 9l-126 @g. 3.18). C57BL10/I mice have been designated as low responder

mice in proliferative T cell assays to the 18 lcDa protoin (Fig. 3.7), which could explain the overall

low proliferative peptide-responses observed. The B10.BR (H-2k) mouse strain showed a strong

proliferative response to low concentrations of peptide 3l-50 and an increasing responso to

increasing amounts of the peptides 1-20 and l2l-L40.

Consistently, LNC from BALB/cJ, B10.BR, and CSTBL|IU mice immuniscd with 18 kDa

prot€in exhibitcd lower proliferative responses to the peptides testcd than intact 18 kDa protein.

An unrelated protein (OVA) was non-stimulaory for these cells (data not shown).
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BALB/c.I 25 pglml

25 1tglnil

0.25 pglurl

Challenging peptide

Figure 3.f9 The T cell recognition sites of the l8 kDa protein by protein-primed LNC defined by 20-mer

peptides. BALB/eI, BIO.BR, and C57BL/I0J mice were immunised with l0 pg 18 kDa antigen and after 7 days

LNC challenged in vrno with 20-mer peptides. The proliferation to peptides were measured by [rfl-TdR
incorporation on day 4. The dashed line was set at 1.5 and experimental culures eliciting SI >1,5 were rcgarded as

positive. The medium alone elicited E,200 countVmin of BALB/qI, 11,000 of BI0.BR, and 7,600 of C57BLI0/J

LNC cultures.
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3.3,2 Peptide-Immunisation Reveals Additional T Cell Epitopes of the 18 kDa

Protein

Groups of three Fr @ALB/cJ x DBA/2J) mice were injected with individual RlPdesignated

peptides (50 pgfmouse) and LNC cultured wittr 0-50 pglml of intact 18 kDa protein over a period

of three days (Fig. 3.20).

Microcultures from peptide 111-125 immunised animals exhibited the suongest invitro

proliferative responso to whole 1g kDa protein. This provided additional evidence that a-a'

111-125 contained an important T cell epitope (c/. Fig. 3.rg). The experiment revealed additional

proliferative T cell epitopes in this strain previously not identified, i-e. a.a. sequence 79-98 and

g1-ltz. The peptide zffiinduced noticeable proliferation only at 50 pglml andpeptide L2r-t35

induced only a minor overall lpsponse, implying that the corresponding a'a' sequences might have

contained low-affinity T cell epitopes'

ln vitro LB k.Da
concentration
I 5o pglml

@ 25 Pglml

tr L2 pglml

X
€)t-IaE

.!l
ATo

.Il
*.1
ct
--a-Faa4ts.-+r
V)

$r'b 
".'- e$ 

^to. $S*t'*,f*,S-T
Immunising PePtide

Figure 3.20 stimulaory T cell epitopes of the 18 kDa protein by LNC primed with Rl.P-peptides' The F1

(BALB/GJ x DBAp.I) mouse strain was immunised with 50 pg of the indicated peptide' After one week' LNC at

2x106 cellVml were separately challenged in vitro with 12, 25, or 50 pg/ml of 18 kDa protein and proliferation

meastled by tg Hl-TdR incorporation on day 4. The dashed line was set at 1.5 and experimental cultures eliciting SI

>1.5 were regarded as posidve. The medium alone elicited coun8/min ranging from 1,000 to 19,000 by LNC

culnues for the different experimental gotlps.
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Groups of BALB/cI and B10.BR strains of mice were immunised with 25 trg of individual

18 kDa 20-mer peptides. Seven days later, lymphocytes from the inguinal and para-aonic lymph

nodes were challenged in virro with 2, 10 or 50 pglml of 18 kDa protein (Fig. 3.21).

BALB/qI

In vitro 18 kDa
concenaralion

I s0 pg/ml
10 pg/ml
2ttelnil

2.0

4.0

fmmunising peptide
Figure 3.21 Stimulatory T cell epiopes of the 18 kDa protein by LNC primed with 20-mer peptides.

BALB/gI and Bl0.BR mice were immunised with 25 pg of indicated peptide. Subsequent challenges with l0 pg of
0re same peptide were delivered i.p. f0 and 19 days after the initial immunisation. One week after the lastchallenge,

LNC at 2x106 cells/ml were cultured with 2.0, 10, or 50 pg/ml of l8 kDa protein. The proliferation of
peptide-prim€d LNC n 18 kDa protein was measured by tsHJ-TdR incorporation on the 4th day. The dqshed line

was set at 1.5 and experimental cultures eliciting SI >1.5 were regarded as positive. The medium alone of
peptide-primed LNC cultures elicited countVmin rangrng from 2,300 o 23,000 for the different experimenal

grcups.
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The peptide immunised BALB/cJ mice showed the following invitro response pattern' LNC

primed with peptide corresponding to a.a 106-125 as well as 1G35' 31-50' 46-65' 121-140' and

136-148 showed a dose-dependent invitroproliferation to the 18 kDa protein' The response of

peptide 106-125 immunised mice in this experimenr is in agreement with results obtained using

other H-2d haplotype mice, where the sequence of a.a. 1lt'125 was immunodominant

(Fig. 3.20). The experiment also revealed additional T cell stimulatory epitopes of the 18 kDa

prorein, i.e. regions covered by the residues 16-35, 31-50, 46-65,121-140, and 13G148'

B10.BR mice immunised with the peptide 31-50 of the 18 kDa protein induced the strongest

invitroproliferative response to the 18 kDa antigen yet obsewed' This data confirmed thc

dominance of peptide 3r-50 previousry observed in this H-2k mouse strain (Fig. 3.19). Further,

LNC from mice immunised with peptide 4G65 (and to a lesser extent, peptides 1-20 and 1G35)

responded to l8 tcDa antigen, suggesting that these peptides induce T cells invivo that are capable

of recognising the 18 kDa protein invitro'

3.3.3 conclusions from Experiments Presented in section 3'3

The use of proliferative murine T cell assays and the 18 kDa protein and synthetic peptides

revealed the fouowing. T cells from lg kDa protein-immunised mice responded to few

immunodominant regions. The dominant T cell epitope in some H-2b and H-2d haplorype mice

overlapped, but differed from the dominant region observed in the H-2t haplotype' LNC of

peptide-immunised mice recognised a wider range of T cell epitopes than mice immunised with

whole 1g kDa protein. The dominant peptide of 1g liDa protein-immunised mice induced the

strongest response upon peptide-immunisation. Additional stimulatory T cell regions were

identifre4 not previously observed in 18 lcDa protein-immunised mice'
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3.4 CYTOTOXIC T CELL RESPONSES SPECIFIC FOR THE 18 KDA

PROTEIN AND PEPTIDES

The conrol of M.leprac infection is possible due to activation of both cD4+ helper and cD8+

cTL. Peptides added exogenously to an invitro system have been shown to stimulate cD8+

cytotoxic T cells (Carbone et a1.,1988) and endogenously produced peptides assemble with MHC

class I molecules prior to transport to the cell surface (Parham, 1990)' Because M ' leprae is an

obrigate intraceuurar parasite, antigens produced inside infected cells might be presented by MHC

class I molecules and stimulate cytotoxic T cells. It was therefore of interest to investigate whether

18 tcDa peptides possess the potential to induce cytotoxic T lymphocytes in mice'

cytotoxic T cell responses to the 18 kDa antigen were investigated using nvo different

methods. First, 1g kDa peptides were tested n invitoexperiments to elucidate potential cyotoxic

T cell epitopes (sections 3.4.r-3.4.3). second, a retroviral vector carrying the 18 kDa gene was

used ro infect spleen cells and tumour cell lines, which were used as stimulators and targets' Mice

were prim ed invivo and cytotoxic T cell responses to endogenously produced 18 kDa gene

products investi gated (sections 3'4'4-3'4'6)'

3.4.1 Peptide 79'98 Induces Cytotoxic Responses

Spleens from unprimed c57BL/l0J (H-zu1 mice were removed and 6x107 splenocytes

cuttured with individual RlP-designated peptides at 15 pg/nrl. Spleen cell cultures weIE incubated

for five days in T25 flasks and cells tested for cytolytic activity on the MHC class I positive and

class II negativc tumour target cell line EL-4. For this pu{pose, a standard 51Cr release assay was

used @run ner etat., 1g6g). Effector cells were incubated with 5rcr labelled targets at 80:1, 20:1,

and 5:1 effector to target ratio. After six houn incubation the amount of radioactivity in the culture

supernatant was measured (Fig. 3.22)'

The effector cells generated to residues 7g-g8 rccognised and tysed syngeneic target cells in

the presence of the peptide. Target cell lysis was not due to "bystander killing"' because

peptide-specific effector cells could not lyse EL-4 in the presence of any other peptide and the

p€ptide lg-gSalone had no effect on EL4 targets (data not shown).

The effect of RLp-24 peptide concentration on lysis of tumour targets by effector cells was

investigated in a cytotoxic T cell assay. C57BL/10J spleen cells were incubated with 15 pg/ml

peptide 1g-ggas described above. Five days later, effector cells were tested for specific lysis of

EL-4 targets in the presence of peptide 7g-g8 at concentrations of 0-10 pg/ml' Primed cTL

recognised peptide lg-ggin a concentration-dependent manner and the lowest concentration tested

(0.2 pglml) resulted in specific lysis of EL-4 targets (Fig' 3'23)'
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Figure 3.22 The cytotoxic T cell epitopes of the 18 kDa protein determined by primary in vitro stimulation

with peptides. Splenocytes (6x1fl per flask) from the C57BU10J mouse strain were incubated separately with each

of the RlP-designated peptides at a concentration of 15 pgftnl in a otal of 10 ml medium. After 5 days incubation,

culures were harvested and resulting effecor cells t€sted for lysis of slCr-labelled EL4 taryet cells in the presence or

absence of l0 pg/ml of the peptide used for stimulation. Cultures were incubated at effector to target cell ratios of

80:1, 20:1, and 5:1 and the radioactivity released into the culhre supernatant determined after a 6 hour incubation.

^Ihe LVo specific lysis was calculated as: the 7o lysis in the absence of peptide subtracted from the 7o lysis in the

presence of peptide. The lysis in the absence of peptide 79-98 was ll%o atan effector to target cell ratio of 80:1.

Only the peptide eliciting lysis above background is displayed.

Concentration 7a-98
--# 10 pdml

5 pglml
I pglml

0.2 ttg/ml

80:l 20:l 5:l
Effector/target ratio

Figure 3.23 The effect of concentration of peptide 79-98 on cytotoxicity. Spleen cells from unprimed

C57BL/10J mice at 61192/ftask were incubated for 5 days in the presence of 15 pg/ml peptide 79-98. The resulting

effector cells were tested for lysis of slCr-labelled EL4 target cells with the indicated concentrations of peptide

79-98. T\e LVo specific lysis was estimated (see Fig. 3.22) after 6 hours incubation. Lysis in the absence of
peptide 79-98 was 257o at an effector to target cell ratio of 80:1.
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3'4.2CytotoxicEffectorCeltsExpressCDSandThy-lAntigens
The phenotype of peptide-specific effector cells of H-2b haplotype was investigated'

c57Bul0J spleen cells were primed in cultrue with 15 pdml of peptide 79-98' cells harvested

after 5 days, and incubated with either GK1.5 (anti-CDa) ,83-L2.5 (anti-CD8), or T24-31'7

(anti-Thy-l) mAb. cells were then washed and a second mAb, MAR18'5' added to enhance

complement mediated lysis of antibody coated cells. After treatment with rabbit complement' cells

were washe4 diluted in medium to approprate cel concentrations, and added to microtitre plates

connining srCr hbelled EL-4 nrmogr targots (Frg. 3'24)' The peptide 79'98 was prcsent in each

well at a frnal concentration of 10 p/ml'

complement lysis of ceus expressing cDg or Thy-l antigens aborished the specifrc lysis of

EL_4targets, whereas an anti-cD4 mAb had no effect. peptide-primed effector cells were

therefore CD8+ T cells.

.+ MARI8S + C'
anti'CD4 + C'

-# anti -ThY-l+ C'
anti'CD8 + C'

80:1 20:1 5:l

Effector/target ratio

Figure 3.24 The 79-98 peptide-specific effecbr cells are cD8+ T cells. Spleen cells from C57BU10J mice

were incubated wirh 15 pg/ml of RLp -24. Aftlt5 days culture period effecor cells were reated with mAbs GKI'5

(anti-cDt), 83-12.5 (anti-cD8) ot T24-31.7 followed by the mAb MAR18 and complement' control cells were

treated with the secondary mAb MAR1g.5 and complement Only. Recovered ce[s were tcsted for lysis of

slcr-labelled EL4 targets in the presence of peptide 79-98 at l0 pg/ml or medium alone. The A% specifrc lysis

was estimated (see Fig. 322) after6 hors incubation. Lysis in the absence of peptide 79-98 was 3?o atan effector

to target cell ratio of 80:1.
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3.4,3 Anti-Peptide 79-98 Cytotoxicity is Restricted to the H-2r Haplotype

Cytotoxic responses to peptide 79-98 were investigated in mice expressing the i{-24

(BALB/cI) and H-2k ($HAIoI) haplotypes, and in BALB.B mice possessing the H-2b loctrs on

BALB/c background genes. Spleen cells were incubated with 15 pg/ml of peptide 7948 and

cultures treated as previously described. Effector cells were tested for specific lytic activity on

syngeneic tumour target cell lines [PBl5 (H-2d), 8W5147 (H-2k), and EL-4 (H-2b)J, in the

presence of peptide 79-98 at a final concentration of 10 pglml or medium alone. The results of this

experiment havc been summarised in Fig. 3.25.

The C3tI/HeJ and BALB/cJ effector cells showed no specific lysis in the presence of 10 pglml

peptide 79-98, whereas cultures from BALB.B mice elicited cytotoxic responses. This

demonstrated the importance of the H-2b locus for induction of peptide-specific CTL. BALB/cJ

and C3II/[IeJ spleen cells were tested in cytotoxic T cell assays against other RlP-designated

peptides, but no peptide elicited measurable cytotoxic activity (data not shown).

Mouse strain
--g_ BALB.B

BALB/c.I
* C3H/HqI

80:l 20:l 5:1

Effector/target ratio

Figure 3.25 Thc cytotoxic response to peptide 79-98 is H-2b restricted. Spleen cells (6x107/flask) from

BALB/gI, BALB.B, and C3IIAIeJ mice were individually incubated with 15 pglml of peptide 79-98. After 5 days,

viable celts ftrom these spleen-cell culures were tested for lysis of syngeneic P815, EL-4, and BW5147 slCr-labelled

targets in the presence and absence of 10 pg/ml RLP-24. Ttrc LVo specific lysis was estimated (see Fig. 3.D) after

6 hours incubation. Lysis in the absence of peptide 79-98 varied between 3-7?o atan effector to target cell ratio of

80:1.
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3.4.4 Generation of Cetl Lines Expressing the M. leprae 18 kDa Gene

ilhe ability of the t8 kDa protein to induce cytotoxic T cells in vivo was investigated- In order

to indgee CIL in vivo it is necessary to present antigenic determinants on the surface of APC.

This S€s achieved by using recombinant l8 kDa rctrovirus DNA which was transfected intop cell

line (yr2) ttrat in turn produced infectious rctrovirus (Mann et a|.,1983). Mice werc immunised

withdiS kDa retrovirus-infected spleen cells and cytotoxic T cell activity determined invitro on

reuorvirus-infected tumour target cell lines.

The ry-2 cell line was transfected with DNA prepared from pLSNLrat or pLSNL vectors

(Fig. 2.6), selected for resistance to the gentamicin analogue G418. Transformed cell lines were

designated ty-Zt* or t{-2nco,respectively. Infection of the EL-4 tumour cell line was achieved by

adding EL-4 cells onto confluent layers of irradiated y-}atcor g-Znco cells. The EL-4 cells were

removed 24 hours later and G418 selection initiated after a further two days in culture.

G4l8-resistant EL-4 cell lines generated were designated EL-4ta* andF,L-4,uo. Expression of

18 kDa mRNA by transfected and infected cell lines was determined, using Northern blot

techniques. The ry-2ta4ty-Zneo, EL-4rc*, andEL-4ruo coll lines were expanded, total cellular

RNA extracted, and mRNA purified using oligo(dT)-cellulose columns. The mRNA was

fractionated through O.8Vo agarose gels, transferred to nitrocellulose filters, and individually

probed with 32P labelled DNA specific for 18 llD,a, neo, or B-actin nucleotide sequenccs. The

results of these experiments have been displayed in Fig.3.26.

The cell lines transfected or infected with constructs containing the 18 kDa gene all expressed

high levels of full-length 18 kDa mRNA. No l8 liDa mRNA was detected in cells transfected with

the pLSNL construct. All cell lines showed expression of mRNA transcribed from the neo gene.

Probing Northern blots with 32P-labetled B-actin DNA showed that mRNA was present in each

lane. Since the 18 lcDa RNA message was present, it was anticipated that ransformed cells were

capable of producing the 18 lDa protein.
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Figure 3.26 Northem blot andysis of mRNA from transfected and infected cell lines specific for the 18 kDa

g9ne. Messenger RNA (10 ;rgnane) extracted from y-2lEt Qane l), yr-2neo (lane 2), EL-418k (lane 3). and

EL4neo Qane 4) were fractionated by elecuophoresis through 0.8% agarose-formaldehyde gels, transferred onto

niuocellulose filters, and hybridised with 3zP-labelled plasmid DNA probes specific for l8 kDa (A) and nco @).

Filters were washed after an ovemight hybridisation and then exposed to X-ray film. The blots were then suipped

and hybridised with 3?-labelled p-actin DNA probe (C) and (D). The position of the l.9kbp p-actin mRNA from

(C) and (D) has been indicated in (A) and (B).

3.4.5 No 18 kDa-Specific Cytotoxic T Cells Detected after In Vivo-Priming

To prepare stimulator cells, C57BU10J spleen cells were infected with culnue supernatant

from the r4-ztskcell line. Infected stimulatory splenocytes (107) were injectcd intravenously into

adult C57BU1U mice. Spleens of treated mice were removed three to five weeks later, cell

suspensions prepared, and 3x107 splenocytes stimulated invitro with 1.5x105 irradiatedEL4n*

cells. Viable cells were haryested five days later and tested for cytotoxic activity, using 5tgt

labelled EL-4tahF,L4,,eo, and EL-4 cell lines as targets (Fig.3.n).

,?fi[l,- rdfl {l'q
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No cytotoxiciry specific for the 1g kDa protein was detected. The effector cells equally lysed

Ff,-Ata*and,EL-4ncotargets and EL-4 targets were unaffected This indicated that the majority of

cr',- stimulated with ty-2tatinfected spleen celrs recogpised products transcribed and translated

from the neo Eene. The same result was obtained in BALB/cJ mice (data not Shown)'
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Figure 3.27 In vivo immunisation with l8 kDa gene-infecrcd spleen cells' Splenocytes from c57BUl0J

mice were infected wirh a retrovirus carrying the lg kDa gene and rxr07 infected cells injected i.v' into syngeneic

mice. Afrer 3-5 weeks, 3x107 spleen cells firom immunised animals were stimulated for 5 days with l'5x106

w&tSkcells. The resulting effector cells were tested for lysis of EL4 l8k,El-Aneo' or EL4 5lcr-labelled targets'

T}re L?ospecific lysis was estimated (see Fig. 3.22) after 6 hours incubation.

3.4.6 Determining Protein Production of Cell Lines Carrying the 18 kDa Gene

It was necessary to ensure that the absence of cytolytic activity against 18 kDa gene products

was not attributable to the tack of 1g kDa protein production by y-2rar and E]--4rar cell lines.

Culmre supcrnatants and cell lysates from these cell lines were tested for presence of 18 liDa

protein, using western blot analysis, ELISA, and Immunoprecipitation assay (sections 2'2'3'

2.2.4,and 2.2.g). The 1g kDa protein was nor detected in any of these assays (data not shown)'

whether the lg kDa protein was produced at levels under the detection limit for the respective

assay or not translated from the mRNA observed, has yet to be resolved'

10:1 2zL
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3.4.7 Conclusions from Experiments Presented in Section 3.4

The 18 tDa protein contained a very limird number of cytotoxic T cell epiopes in tltr€E mouse

strains tested- Only one of the peptides tested (a.u79-9$ elicited CD8+ cytotoxic T cells which

lysed pcptide-coated firmour target cells in a dose dependent manner. This cytotoxic anti-l8 kDa

peptide response was restricted to the H-2b haplotype. Cells infected with a retrovinrs vector

carrying the 18 lDa gene did not generate a mcasurable cytotoxic rcsponse specific for the 18 kDa

protein, following invivo stimulation. This could be due to a translation dcfect of 18 lDa mRNA

in eukaryotic cells, or alternatively, the concentration of responding cytotoxic T cells was

insufficient to be detccted in this a$say. However, specific CTL against products translated from

the rwo gcne wer€ detccted.
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3.5 DELAYED.TYPE HYPERSENSITIVITY RESPONSES TO THE 18 KDA

PROTEIN

Delayed-type hypenensitivity is a response atributed to helper T cells (vadas et a|" 1976) and

seems to be one of the few methods to detect in vivo expression of cell-mediated immunity to

protein-antigens (Katsura et ar., 1977a). Many intraceuular bacteria induce a state of DTH in the

host, often concomitant with the appearance of acquired immunity (Mackaness and Blanden'

lg67).lrprosy is a disease which displays a variety of clinical states and the conml of the spread

of bacteria is ttrought to be associated with positive DTH reactions (Kaplan and cohn' 1986)' For

this reason, it was of interest to analyse DTH responses in various mouse strains to the M' leprac

18 kDa protein. A murine footpad assay was used to search for DTH rcsponses to the 18 kDa

protein (Gray and Jennings, 1955). Parameters such as protein-priming dose' influence of H-2

haplotlpe, and effect of the number of immunisations on DTH were investigated'

3.5.L The 1g kDa protein Induces Delayed-Type Hypersensitivity

Fr @ALB/cJ x Blo.BR) hybrid mice were injected subcutaneously in the dorsal reglon above

their shoulders with 2,, LO,or 50 pg of 18 kDa protein. Each experimental g'oup containcd 3-4

mice. Six days later, mice were challenged in the right hind footpad (experimental) with 20 pg of

18 lDa antigen. The left hind footpad (control) was injected with the same volume of PBS' The

thickness of each footpad was measured at 24 hours and the per cent increase in swelling

calculated (Fig. 3'28A)-

This experiment demonstrated that the 18 kDa protein elicited a priming dose-dependent DTH

reaction in micc. The highest priming dose tested (50 pg) evoked maximum swelling, 10 pg of

l8kDa prorcin showed a decreased DTH response' and the lowest dose of 2 pg protein did not

elicit a significant reaction.

Delayed-type hypersensitiviry responses to the 18lJ)a antigen were elucidated in BALB/cJ,

B10.M, C57BL/10J, and Ft GALB/cJ x B10.BR) mouse strains' Mice were immunised

subcuraneously with 20 pg protein and seven days later tested for DTH responses against 20 pg

18 kDa protein (Fig. 3.288).

The results of challenge with 18 kDa antigen showed a DTH rcaction in all strains tested at

24 houn. C57BL/10J mice, previously categorised as a low responder mouse strain in a

proliferative T cell assay (Fig. 3.7), responded comparably with other mouse strains in this DTI{

assay and B10.M mice showed a significant lowerresponse against the 18 kDa protein' Why the

c57Bu10J mouse strain was a high responder in one assay and a low responder in another assay

has yet to be determined.
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Figure 3,2t The effect of immunising dose and mouse strain on DTH responses to the 18 kDa protein.

Groups of F1 @ALB/cJ x Bl0.BR) mice were immunised with 2, 10, or 50 pg of 18 lDa protein (A) and indicated

mouse strains with 20 pg of l8 kDa protein (B). Mice were challen5d6-7 days post-priming in the right and left

hind footpads with 20 pg 18 kDa antigen and PBS respectively. The percentage of footpad swelling was estimated

at 24 hours by comparison of thickness-increase of experimental over control footpad. The bars represent the

standard error (SE) of the arithmetic mean within each gtoup, consisting of 34 mice.

3,5.2 Multiple Immunisations Induce IgG and Reduce DTH Responses

"Immune deviation" is a phenomenon dessribed by Ashenon and Stone (1965), wherein a

second immunisation with protein-antigens induces a selective loss of DTH responses without

affecting the antibody response. The 18 kDa protein might function in a similar manner. This

could be of importance in considering a peptide-vaccine against intracellular pathogens, such as

M.leprae,wherc DTH reactions might be involved in protection (Mackaness and Blanden, 1967)

and where repetitive immunisation has to be avoided if possible.

The influence of the number of immunisations on DTII responses was investigated in

BALB/cJ, B10.BR, and C57BL/10J mice. Animals (three in each group) were immunised with

2O ttg of 18 kDa protein and challenged innaperitoneally after 10 days with 10 pg of antigen.

Seven days post-challenge, mice were bled from their tail veins and end-point titres of 18 kDa

protein-specific antibodies estimated. Mice were then rcsted for six hours and DTH responses

tested by challenging with 20 ttg of 18 kDa protein. A control group of mice were immunised

once with 20 *g of 18 kDa antigen and tested for DTH reactions at the same time as the

experimental group. The results of these experiments have been shown in Fig. 3.29.

Humoral 18 kDa-specific IgG antibodies were present after a second immunisation at end-

point titres >105 in all three mouse strains tested. Only a small 18 kDa specific IgG response

occurs after a primary immunisation (Doherty eta|.,1991). An approximate 509o decrease in
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DTH responses was noticeable in a]l strains, when compared with mice that received one injection

of t8 kDa Protein.

-# BALB/qI
BIO.BR

4P C57BL/10J

Numher of
immunisations

Rii
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Figure 3.2g The DTt{ response to the 18 kDa protein of multiply-immunised mice' Indicated mouse strains

were inlrted s.c. with 20 pg 1g kDa protein and 10 days rarer with another 10 pg in 200 trt of pBs i.p. Seven

days pmt-challenge, serum IgG antibody levels (A) and DTH responses (B) m rhe 18 kDa protein were deermined'

A control group of mice was immunised once with 20 pg of 18 kDa protein and DTH responses deFrmined (B)'The

IgG antibody titres specific for the rg kDa protein were determined using a standard ELISA. serial five-fold

dilutions of antisera in pBs were incubated in immunoplates containing lg kDa protein- Enzyme-conjugated

secondary anti-mouse IgG antibodies were added and allowed to react for 30 min before adding the substrate' The

optical density (o.D.) at 486 nm was estimated, using a sci'Med Kon8on ELISA reader' The values of control

serum from pBS immunised mice was subtracted from experimental values. For testing DTH responses, mice were

inje.cted with 20 pg of 18 kDa protein in the right hind foopad and PBS in the lefr The increase in thictness of

experimenul footpad over PBS injected footpad was measured at 24 hours' The bars represent ttre sE of the

arithmetic mean within each group, consisting of 3-4 mice'

3.5.3 conclusions from Experiments Presented in Section 3'5

The 18 kDa protein was shown to elicit DTH reactions in various murine strains' The

C57BL/10J mouse strain, a lOw reSponder strain in proliferative assays, responded to the same

degree as high proliferative responder sEains to the 18 kDa protein in DTH assays' A reverse

correlation between DTH and antibody responses was observed in multiply-immunised mice. As

the 18 kDa specific serum IgG tevels increased, the DTH response decreased'
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3.6 THE NATI.JRE OF RESPONSE OF 18 KDA-SPECIFIC TCL

The cD4+ helper T cell population can be divid€d into Tgl and rs2 subpopulations according

to the pattern of cytokines produced upon stimulation. The Tg1 subset is associated with DTII

reactions and defence mechanisms against inracellular parasites, whereas the Tg2 subset provides

effrcient hetp for antibody production (cher and Mosmann 1987, Mosmann and coffinan 1989)'

A number of T cell lines, responsive to the 18 kDa protein, were generated in orrder to study of

the nature of r cells that respond to this protein. In this investigation emphasis was placed on

determining T cell phenotype and the influence of Apc subpopulations on T cell proliferation, and

identifying T cell epitopes, cytokine production andMHC restriction elements'

The TCL were derived from BALB/cJ, B10.BR, and C57BL/10J mouse strains which had

previously been immunised with l0 pg of 18 lDa protein. A total of seven TCL' all generated

from different groups of animals at different times, were successfully maintained in long-term

cultures. Three TCL were derived from BALB/cJ mice, designated B/c-l' Blc-2 (from LNC)' and

B/c-Spl (from spleen cells). The BR-1 and BR-2 TCL were established from LNC of B10'BR

mice and the two TCL derived from C5?BU10J LNC were designated 810-1 and 810-2'

3.6.1 Analysis of Surface Antigens Expressed

The 18 kDa-specific TCL were analysed by flow cytometry for exprcssion of cell

differentiation antigens. All rcl. showed the same immune'phenotypic characteristics and the

810-1 is shown as a representative example. Cultures consisting of 5x105 cells were stimulated

with 2 pglml of 1g kDa protein in the presence of 1x106 APC. After three days in culture, cells

were recovered by centrifugation and mAb specific for ccll-surface markers individually incubated

with r cells. After 30 minutes incubation, cells were washed before adding appropriate Frrc-

labelled secondary antibodies. Cell surface antigens were examined 30 minutes later on a FACS

440 (Fie. 3.30).

The cells expressed Thy-l, CD3 and CD4 antigens, op T cell' n--2 nd Fc receptors' and

MHC class I and class tr polypeptides. The BlGl was negative for the cD8 antigen'
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Figure 3.30 Theexpressionof surface antigens by the l8 kDa-specific TCL 810-1. The Bl0-1 TCL was

stimulated with 18 kDa antigen and hanrested 3 days later. Cells were stained with indicated mAb and subsequently

with a fluorescein-cojugated secondary antibody. The specifrcity of the mAb is shown in brackets. Conrol
autofluorescence was detected by incubating the TCL with the fluorescein-cojugated secondary antibody in the

absence of any primary mAb. The results are expressed as log relative fluorescence (x-axis) versus cell number

(y-axis).
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3.6.2 Determination of stimulatory T Cell Epitopes

TCL were tested in a proliferative T cell assay against RlP-peptides, 20-mer-peptides, and

purified peptide-ftagments from the 18 lDa protein treated with trypsin' These peptides were used

at 0.25, 2.5, urd25 pgtmlfinal concentrations. The TCL were also tested fOr responses to

M.lepracand M. tuberculosis antigens. The 18 tDa protein was routinely used as a control' All

experiments described in sectio n 3.6.2 were performed one week after passaging of the TCL'

cultures were washed and 10a viabte cells incubated with antigen and 4x105 irradiated syngeneic

sprenocytes for two days in g6-weu microtitre prates. DNA synthesis was then determined by

adding t3Iil-TdR and cultures harvested 16 hours later. Antigens that elicited a proliferativc

rcsponse were subsequently examined over a bnoader range of antigen concentrations' The results

of non-stimulatory 18 kDa peptides have not been shown.

BIO.BR TCL. These results have been summarised in Fig. 3.31. The BR-l and BR-2

TCL were examined for proliferative responses as described above' The TCL generated from

B10.BR mice responded to, the 18 kDa prorein, peptide 31-50, the tryptic fragment T6

(a.a.35-49), and M. leprae antigens. The peptide 31-50 induced a dose-dependent proliferative

rcsponse of lE lDa protein-immunised and peptide-immunised B10.BR mice (Fig' 3'19'3'21)'

Antigenin vitro

-o- 31-50

<r- l&kDa...-.r- M.leprae
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Figure 3.31 The stimulation of Bl0.BR-derived TCL with l8 kDa prorcin and peptides, ud M' leprae and

M. tuberculo.ns antigens. BR-l and BR-2 TCLs at 10a celvwell were incubated with various concentrations of

RLP-,20-mer, or tryptic l8 kDa proteinderived peptides, or l8 kDa, M'leprae,or M' tubercnlosds antigenS'

Irradiated splenocytes at4xl05 cellVwell were added as APcs and culhres incubated for 2 days. The proliferative

response was measued by plrJ-TdR incorporation over rhe following 16 hours- only antigens eliciting stimulation

above brckground are disPlaYed
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BALB/cJ TCL. These results have been summarised in Fig. 3.32. \\e only region of the

18 kDa protein that elicited a dose{ependent response of B/c-l was a.a. 46-65. The response to

this peptide was similar to the response observed following stimulation with the 18 kDa protein.

This TCL also recognised a determinant on M.leprae. BALB/cJ mice immunised with peptide

4G65 elicited a LNC proliferativo response when challenged with 18 kDa protein (Fig. 3.21). The

TCL designated Blc-2 and B/c-Spl responded in a dose-dependent manner to 18 kDa protein and

weakly n M.leprae antigens, but no 18 kDa peptide tested elicited a measurable response.
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Figure 3.32 The stimulation of BAlB/cJderived TCL with l8 kDa protein and peptides, and M. Ieprae and

M. tuberculasls antigens. Blc-l, BJc-2, and B/c-Spl TCLs at 164 gs[s/well were incubated with various

concentrations of RLP-, 20-mer, or tq'ptic 18 kDa protein-derived peptides, or 18 kDa, M. Ieprae, or

M. uberculosls antigens. Irradiated splerncytes at 4x105 ce[tlvell were added as APCs and cultues irrcubated for 2

days. The proliferative response was measured by tsHJ-TdR incorporation over the following 16 hours. Only

antigens eliciting stimulation above background are displayed.
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C57BL/10JTcL.TheresultshavebeensummarisedinFig.3.33.TheBl0-1and810-2

TCL were genefirted independentry and tested at separate times. Both lines responded to peptides

L06-125,111-125, and to a lesser degree to peptide 91-115 and M. leprae antigens' Proliferative

responses to peptide 9l-115 consistently required a 10 to 100-fold higher concentration (dv) that

was stimulatory for peptide 10G125 or 111-125'
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Figure 3.33 The stimulation of cs7Bl/lOJ-derived TcL with 18 kDa protein and peptides' and M' Ieprae nd

M. tuberculo.ns antigens. B10-l and 810-2 TCLs at loa ce[vwell were incubated with various concentrations of

RLP-, 20-mer, or tryptic 18 kDa proteinderived pepddes, or 18 kDa, M' Ieprae,or M' tubcrcnlosls antigens'

Irradiared splenayres at4xlN cellVwell were added as APcs and culn[es incubated for 2 days. The proliferadve

response was measured by pI{l-TdR incorporarion over rhe following 16 hours. only antigens eliciting stimulation

above background are disPlaYed.

In a separate experiment, cultures from 810-1 were individually stimulated weekly with

peptide 106-125 (0.2 pg/ml), I 11-125 (0.2 pe/ml), or 91-115 (10 pdml) for four consecutive

weeks in the presence of 106 APCs. At the end of that time each culture was tested for

prolifcrative responses against the three peptides. The results were indistinguishable from those

shown in Fig. 3.33 regardless of what peptide was used for stimulation, indicating that T cells

respond to a determinant found on all three peptides (data not shown)'
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3.6.3 Cytokine Production Profiles of TCL

The cytokine production profiles were investigated to determine whether the l8 kDa-specific

TCL segrcgated into either Tsl or Tp2 subsets. The 18 kDa-specific TCL werc tested for

secretion of n.-2,IL-3, and IL-4. AU the TCL (except the BR-2 and 810-2) were used in this

experiment. Cells were stimulated at 1.5x106 cells/ml with 5 pglml of Con A and culture

supernatants removed aftsr 24 hours incubation. The IL-2 and IL-4 sensitive cell line HT-z and the

IL-3 and IL-4 sensitive cell line FTIIL-3 were separately incubated in the presence of serial

dilutions of culture supernatiults from the different TCL.

Culture medium from B/c-l andBlc-2 TCL exhibited a high-degree and B/c-Spl a low-degree

of stimulation of HT-2 cells, whereas those from BR-1 and B10-l were non-stimulatory and have

not been displayed (Fig. 3.3aA). This result suggested that only TCL derived from BALB/cJ mice

produced IL-2 and/or IL-4. In control experiments, recombinant IL-2 and IL-4 were tested for

stimulation of HT-2 cells where concentrations as low as 50 pg/ml of either cytokine elicited

proliferation above background (Fig. 2.5).

The presence of A--2 and/or IL-4 in culture supernatant from B/c-1, Blc-Z, and B/c-Spl TCL

was determined. tIT-2 cells were incubated with a 1:100 dilution of B/c-l andB/c-2 orwith a 1:2

dilution of B/c-Spl culrure supernaumts in the presence or absence of the anti-Il-2 mAb 5486

(1:200 dilution of ascites fluid), anti-Il-4 mAb l1Bl1 (10 FVml), or both mAb together. The

outcome of this experiment has been displayed in Fig. 3.348.

The IL-4 and IL-2 specific mAb partiaUy inhibited the activity of B/c-2 supernatant and both

together completely abolished the growth of HT-2 cells. The activities of culture supernatants

from B/c-l and B/c-Spl werc completely blocked by 5486, whereas 11811 mAb had no effecl

Culnrre supernatants from the above mentioned TCL were also tested for stimulation of the

IT/IL-3 indicator cell line. The results, displayed in Fig. 3.35, revealed the following. Culture

supernatants of B/c-l and B/c-2 TCL elicited a high degree of stimulation, whereas those of

B/c-Spl, BR-l, and Bl0-l showed a lower degree of stimulation. The FT/IL-3 cell line responded

to low (100 pglml) concentrations of IL-3 and IL-4, but was unresponsive ton -2 (Fig. 2.5).
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Figure 3.34 n--2andll-4 production by 18 kDa'specific TCL. cells from B/c-l' B/c-2' B/c-Spl' BR-l' and

810-1 TCI-s were incubated., ,*1g6/ml wittr 5 pglml con A and supematants collected after 24 hourg Serial wo

fold dilutions of culture supematants were incubared with the lrr-2 indicator cell line (A)' A l:100 dilution of B/c-l

mdBlc-2and 1:2 dilution of B/c-spl culnrre supernaranrs were incubated with lrr-2 cells in rhe presencc and abaence

of 10 pg/ml of the monoclonal antibodies 5486, llBll, or 5486 and 11B11 (B)' The cultures were incubated for

24 hours and stimulation measured by tsHj-TdR incorporation over the next 8 hours' No responses were observed

with BR-l and BlGl culture supernatants. HT-2 cells elicited 800 countVmin rc medium alone'

T cell line

Blc-2
B/c-Spl
BR-1
810-1

ReciProcal of Dilution

Figure 3.35 IL-3 and IL-4 production by l8 kDa-specific TCL. cells from B/c-l, Blc-2'Blc-spl' BR-l' and

B lO.1 TCk werc incubarcd u, ,*196/ml with 5 pg/ml con A and supernatans collected afw 24 hours' Serial two

fotd dilutions of rcl- culture supernarants were incubated with the FT/1L-3 indicator cells' The cultures were

incubated for 24 hours and stimulation measrued by tsHJ-TdR incorporation over the next 8 hours' FT/IL'3 cells

incubated with medium alone elicited 700 countVmin'
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A summary of results from section 3.6.3 is displayed in Table 3.3. The culture supernatants

fr,om indicated 18 lDa-specific TCL werc tested for stimulation of the FIT-2 and FT[L-3 cell lines

and cytokine phenotype deduced. The rcsults from these experiments suggested that the B/c-l and

B/c-Spl could be designated as Tsl cells (secreting IL-2), whereas the B/c-2 produced both IL-2

and IL4 and could be designated THp. Further, all TCL tested stimulated ttre FTAL-3 cell line,

implytng that the T cell culnre supsrnatants contained IL-3. Because FT[L-3 cells also respond to

IL-4, it was uncertain whether B/c-2 secreted both IL-4 and IL-3.

Table 3.3 Detection of Cytokines Secreted by TCL

INDICATOR

CEII LINE

r{t-2 r{t-2
(dtr--2)

rrr-2
(oIL4)

IIT-2

(on -lasTl {)
FT/IL.3

TCellLine

B/c-1

B/c-2

B/c-Spl

BR-1

810-1

+++

+++

+

+++

+++

++

++

++

I{D

ND

+

ND

ND

+

ND

ND

+++

+

Summary of experiments described in section 3.6.3. The TCL were allotted to arbitrary categories with one,

two, or three pluses derived from the stimulation data presented in Fig. 3.34 and 3.35. The indicaor cell lines HT-2

and FT[L-3 were incubated with culure supernatants from 18 kDa-specific rcL. Stimulation of the HT-2 cell line

in the presence or absence of cytokine-specific mAb was also determined The HT-2 cell line respond to IL-Z and

IL4 and F[/IL-3 cells to IL-3 and IL-4 (section 2.1.21). Negatives indicate no stimulation. ND= Not determined.

3.6.4 Influence of the H-2 Class II Locus on Proliferation

The importance of H-2 class tr encoded antigens for stimulation of 18 kDa specific TCL was

examined- For this purpose affinity purified MKD6 (anti-I-Aa; and M5/114 (anti-I-Ab'd, I-Ed'k)

mAb were tested for their abiliry to inhibit proliferation of the response to 18 kDa protein. Two

H-26 (Blc-l and B/c-Spl), one H-2k (BR-1), and one 11-2u @1G2) cell lines were included in this

experiment The T cells were incubated separately wittt M5/114 or MKD6 mAb, at concentrations

ranging from 0 to 50 pg/ml, in microtitre plates containing a final concentration of 2 pglm\ of

18 kDa protein and 4xl$ irradiated spleen cclls/well (Fig. 3.36).
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The proliferation of B/c-1, B/c-spl, and B10-2 was completely inhibited using 0.5-5 pglml of

lvtilltt4and unaffected by MKD6 mAb. The H-2I TCL, BR-l, was inhibited by M5/114 at high

(50 pg/ml) mAb concennation. It was therefore considered most likely that the 18 lcDa protein

was prcsented by MHc class II I-E molecures to H-20 and H-2k rcls, but by I-A molecules to the

H-2b TCL. B cells of mouse strains that express H-2b and H-2d, possess 53,000-82'000 binding

sites for the mAb M5/114, whereas H-2k B cells exprcss only 4'700 binding sites/cell

@hattachary a, et ar.,rggr). This might account for the higher concentration of M5/114 needed for

total inhibition of the H-2k TCL.

* MKD6 (anti-I-Ad)

* M5114 (anti-I-Ab'd I'Ed'*)

40

30

0.0s 0.0s 0s

Antibody (pg/ml)

Figure 3.36 The effecr of MHC class II specific mAbs on proliferation of lE kDa-specific TCL' B/c-l'

B/c-Spl, BR-I, and Bt0-2 TCLs at 10a ceilvwell were incubated with 2 pgtrfil of 18 kDa protein' APCs' and

indicated concenrrarions of affinity-purified mAb MKD6 (anti-I-Ad) or M5/114 (anti-I-Au'a and anti-I-Ed'r)' The

proliferative response was measured aftEr zdays incubation by Plrl-TdR imorporation over the following 16 houn'
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3.6.5 Effect of APC Subsets on Proliferation

The T111 and Ts2 subsets of CD4+ T cells have been shown to recognise antigen presented

preferentially by macrophages and B cells respectively (Gajewski et al., 1989b). The ability of

different APC populations to induce proliferation of 18 kDa-specific TCL was therefore analysed-

The APC used in this experiment were the following. Bone marrow-derived macrophages

@M-Mgts), purificd splenic B cells (sB-cells), and whole spleen cell populations (section 2.1.L4).

Various numbers of these APC were incubated with B/c-l,8/c-2, B/c-Spl, BR-l, 810-1, or

810-2 TCL in the presence of a consant amount (2 pglml) of 18 kDa protein. T cell stimulation

was determined by measuring of DNA synthesis after nvo days in culture (Fig. 3.37).

Antigen-Presenting Cell

234562345610 10 l0 r0 10 10 l0 10 10 10

Antigen-Presenting C ells/well

Figure 3.37 Proliferative responses of 18 kDa-specific TCL to whole spleen cells, bone marrowderived
macrophages (BM-MO), and purified splenic B cells (sB-cell). Blc-l,Blc-2, B/c-Spl, BR-l, B lGl, and BlG2 TCL
at 10a cellVwell were cultured with indicated numbers of syngeneic APC in the presence of 18 kDa protein

Q Wnt). The [rHl-TdR incorporation was measured during the final 16 hours of a 40 hour incubation.
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The results in Fig. 3.3T showed that syngeneic BM-Mo activated B/c-l and B/c-spl to

proliferate to a level comparable with whote spleen cells and elicited a minor stimulation of Blc-2'

On a cell-cell basis BM-MO was a morc efficient APC population' The sB-cell APC population

stimulatedB/c-l,Blc-2,8/c-Spl,andBR-1TCL'butonlytoapproximately35-T5Voofthe

ma;rimum rcsponse provoked by spleen cells. Neither BM-MO nor sB-cells could pr€sent antigen

to, and induce proliferation of Bl0-land B1G2 TCL'

Table 3.4 SummarY of all

Section 3.6

characteristics of 18 kDa TCL Investigated in

T CELL LINE CYTCIKINE

PTIENOTYPE

T CELL RESTRICTION

EPTTOPE1 ELEMENT

sB-CELL

(APc)z

BM-MO

(APc)z

B/c-1

Blc-Z

B/c-Spt

BR-I

BR-2

B10-1

Bl0-2

n -72+,3+,4-)

IJ--(z+,33, 4+)

IL-(2+,3+,4-)

n--(2-,3+,4-)

ND

D--(2-,3*,4-)

ND

46-65

4

4

3549

35-49

111-115

111-115

I-E

ND

I-E

I.E

I-E

ND

I-A

f++
+

++

ND

++

+

+

++

ND

A summary of experimens included in section 3.6. lThe shortest a.a peptide sequence eliciting a proliferative

response. 2stimulation of rcl by purified splenic B cells (sB-cell) or bone manow-derived macrophages (BM-Mo)

as Apc populations. positive and negatives indicate the relative stimulation of the TCL' using whole spleen cells

as a control Apc popuradon. 3B/c-2 TcL culture supernaranr stimulated the IL-3 and IL4 sensirive cell line

wFL-3. Because Blc-ZTl-produced IL-4, it was not determined whether both IL4 and IL-3 were present in the

culture sup€matant. aThe TCL responded to 18 l(Da protein but no stimulatoy peptide found' ND= Not determined'

3.6.6 Conclusions from Experiments Presented in section 3'6

The lg kDa-specific T cell lines expressed cp TCR and cD4 molecules. The T cell epitope

recognised by the TCL was identified using various 18 kDa-specific peptides' TCL expressing the

H-2I haplotypc recognised peptide 31-50, which was the same immunodominant epitope identified

in 18 kDa protein-primed LNC cultures. one H-2d TCL responded to the peptide 46-65',

previously identified as a minor T cell epitope of primary LNC cultures, whereas the other H-2d
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TCI- werc unresponsive to all peptides tested. The H-2u TCL showed maximum rcsponses to

peptides L06-126 and 1lL-125, previously identified as immunodominant regions for 18 kDa

prctein-primed H-2d and BALB.B (H-2b) LNC.

Cytokinc production data revealed that nro TCL belonged to the Tsl phenotype, one TCL

belonged to the TsO phenotype, and all TCL tested probably produced IL-3. Finally, in

considering the manner in which the 18 tDa protein was presented to the TCL, different APC

populations did not stimulate the lines o prroliferatc with e4ual efficiency.
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DISCUSSION

The murine immune response to a novel M. Ieprae protein of 18 kDa in molecular weight was

investigated. The generar aim was to study various immune functions owards this mycobacterial

protein in the context of understanding what constitutes protective immunity against leprosy'

Functional immunological assays focusing on T lymphocyte-mediated responses were used for

this purpose. The T cell response to the 1g kDa protein of M. reprae was examined using invitro

proliferative and cytotoxic T cell assays and in vlvo DTH responses' The significanco of these

resurts is considered and discussed in relation to those obtained using other protein antigens'

Finally, a penpective of this work in relation to a recent theory about immunological regulation

and future directions is presented'

4.1 GENERAL DISCUSSION

4.1.1 Factors Affecting Responsiveness to the 18 kDa Protein

Antigen-induced proliferation of LNC to the 1g kDa protcin was equally efficient using either

CFA (with mycobacteria) or IFA (without mycobacteria) (Fig' 3'1)' in agreement with results

reported for human lglobulin and nrna cytochrome c (conadin et aI" 1977)' A very minor

response was observed by LNC primed with PBS in cFA and then challenged with 18 kDa

protein, which might have been due to cross-reactive epitopes beWeen the M ' smegmatis in the

CFA and the M.Ieprae 18 kDa protein'

Trrc M. leprae lg kDa protein preparations purified from E. coti (Booth et al' L988a) and yeast

(Booth et aI. Lgggb) recombinant sources were used as immunising and challenging antigens in

different mouse strains. This material induced a degree of LNC proliferation in vitro which was

dependent on both the immunising and challenging doses (Frg. 3.2)' Priming doses required to

induce strong proliferative responses were comparable with those reported for the ragweed

allergen Ra3 as antigen in a similar system (Kurisaki et a1.,1986). The use of combinations of

yeast- and E. coli-derived 1g kDa protein and synthetically made 18 kDa polypeptides in

proriferative T cen assays indicated that the response was specific for determinants on the 18 kDa

protein 6ig.3.3).
proliferative T cel responses to the 18 kDa antigen were optimal5-7 days post-immunisation

and thereafrer declined (Frg. 3.aA). A second invivo challenge reduced the subsequent in vitro

proliferative response to the antigen and also altered the kinetics invitro (Frg. 3.aB). Results from

studies by Caulada-Benedetti and colleagues (1991) suggest that a single immunisation with
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Schistosoma mansoni as antigen elicited Tpl cells and after multiple immunisations the responding

cells expressed the Ts2 phenotype. A similar mechanism may be operating in the response to

immunisation with the 18 kDa antigen.

The maximum proliferative response to thc immunising antigen in comparison with medium

alone was achieved using 2x106 cells/ml (Frg. 3.5). A lymphocyte concentration of 1x105 cells/ml

showed a reduced invitro response to the l8 kDa protein and 4x106 lymph node cells/ml exhibited

very high nonspecific prcliferation. At 4x106 cells/ml, the reduced invitro proliferative response

to increasing amount of antigen was possibly due to dcpletion of essential components in the

medium. The optimum proliferative response/lO5 LNC to the 18 kDa protein was achieved using

a cell concentration of 2x100/ml and a four day incubation perid (FtS. 3.6).

The nanue of the specific cells involved in the in vitro proliferative assay was investigated.

Proliferation was abolished by the treatment with anti-Thy-l or anti-CD4 mAb followed by

complement (Fig. 3.9), demonstrating that the response observed was dependent upon CD4+

T cells. These findings complement the observation that nylon wool-purified T cells (>80Vo

Thy-l+; mediated a strong antigen-induced proliferation in the presence of APC (Fig. 3.11).

However, it remains to be established whether the proliferation measured was totally derived from

antigen-specific T cells or whether stimulation of non-specific lymphocytes, due to cytokines

produced by antigen-specific CD4+ T cells, also contributed to the magnitude of proliferation.

Proliferation of l8 kDa protein-primed LNC from H-2d mice was completely inhibited by a mAb

which recognised MHC class II I-Aa and I-Ed polypeptides, but only partiatly inhibited by an I-Ad-

specific mAb (Fig. 3.10). Thus, unlike most T cell clones or T cell hybridomas, which are either

I-A- orI-E-restricted (Breu et aI. 1988, Adorini etal. 1988, Heber-Katz etal. 1988), it was

conceivable that 18 kDa protein-primed LNC contained a mixed T cell population which rcsponded

to the antigen in the context of both I-A and I-E molecules.

The contribution of genes encoded within the MHC locus to responsiveness against the

18 kDa protein was evaluate4 by comparing proliferation of LNC from a variety of mouse srains

(Fig. 3.7). Only C57BU10J (H-Zu1 mice were designated as a low responder strain and

surprisingly the BALB.B strain, possessing an H-2 locus identical to C57BU10J on a BALB/c

genetic background, responded strongly in this assay. The B10.BR and 810.M congenic strains

of mice, possessing identical non-H-2 genes but different H-2 loci as in C57BL/10J mice, were

both high rcsponden. These results implied that a combination of H-2- and non-H-2-linkcd genes

of the H-2u haplotype was necessary to constitute low responsiveness to the 18 kDa protein.

High and low responsiveness to a protein antigen of mouse strains possessing the same H-2

haplotype have been described elsewhere. In the responso to HEL, Gammon et al. (1987) found

that C57BL/6 was a low responder strain and C57L, BALB.B and C3H.SW (atl possessing the
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H_2b haplorype) were all high responder strains. Examination of recombinanr inbred strains

identified a locus (h-2) on chromosome 2, concordant with response to IIEL in these strains

(Sadegh-Nasserieta].,1984).Sadegh-Nasserietat.(1986)showedsubsequentlythatc5TBLl6

spleen cells, in conEast to spleen cells.from BALB'B mice' were unable to produce llElJ-specific

antibodies with either c57BLl6 or BALB.B tlEl-specific TCL, unless con A-stimulated

lymphocyte-culture supematant was added. Interestingly, Dohcrty et at. (|991r) demonstrated low

antigen-specific antibody production to the 18 kDa protein in c57Bu10J mice' whercas BALB'B

mice were designated intermediate responders. The B cell response to the 18 lcDa protein might

therefore be regulated by a similar locus to Ir-2, controlling antibody fesponses to HEL'

C57BU10J mice rcquired a higher 1g tcDa protein-immunising dose to induce a subsequent

invitro proriferative response to this protein than other mouse strains (Frg.3.8). The low

responsivencss of this strain was not due to an inrinsic poor T ce[ proliferative capaciry because

LNC from c57Bu10J mice proliferated to a similarextent as those from high responder strains' in

mixed lymphocyte cultures (data not shown). Therefore a number of other possibilities accounting

for the low responsiveness of c5zBL/10J LNc to the rg kDa antigen should be considered'

There might bc a row frequency of rg kDa-specific T ceus within the rcpertoire or specific

suppression of responsiveness to this antigen. Alternatively, there may be antigen processing

defects such that the immunodominant epitopes of the 18 kDa molecule are destroyed by

processing or bind poorly to G57BL/10J presentation structurcs'

Limiting dilution assays were used to determine whether high and low responsiveness to the

18 liDa protein correlated with the frequency of responding T cells' Five different mouse strains

were tested and their frequencies varied from 112,700 (BALB/cI) to 1114'000 (C57BU10J) (Ftg'

3.15, Table 3.1), reflecting the high and low response-patterns obsewed in proliferative T cell

assays(Fig.3.7).Thus,thefrequencyofTcellsrcsponsivetothel8kDaproteininC5TBU1OJ

mice might be at least a contributing factor to the low responder status of these mice' It was

considered unlikely that cD8+ antigen-specific suppressor T cells contributed to low

responsiveness owards the 18 lcDa protein, as has becn found in non-responder strains to HEL

(Wicker et a:.,1984), because proliferation of 18 liDa protein-primed C57BL/10J LNC was

unaffected by anti-CD8 mAb (data not shown)'

The possibility that inappropriate antigen processing or failure of processed peptides to be

presented by MHC class II molecules of the C57BL10J mouse strain might govern low

resp,onsivencss was also addressed experimentally. Although, following immunisation with

18 kDa protcin, the in virra proliferative response of c57Bu10J LNC was focused on different

peptides from those of other strains, long-term 18 kDa-specific TCL generated from 18 kDa

protein-primed G57BU10J LNC responded to thc same peptides as LNC bulk-cultures from high
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rcsponder strains (Fig. 3.18, 3.19, 3.33). Therefore, low responsiveness to 18 kDa protein could

not be explained by the fact that processing might have destroyed the immunodominant peptide,

the failure of this peptide to bind H-2b presenting molecules, or the absence of T cells recognising

this epitope in C57BU10J mice.

4.1.2 Efficacy of APC Populations on Proliferation

Most APC populations (macrophages, B cells, dendritic cells) have been shown to present

antigen and stimulate primed T cells (Rosenthal and Shevach 1973, Stingl et al. 1978, Chesnut

et al. L982a, 1982b). Various APC populations were tested for their capacity to stimulate 18 liDa

protein-primed and nylon wool-purified murine T cells. In this assay, bone BM-M@ werc shown

to possess the ability to present and induce proliferation (Fig. 3.11) with an efficacy (on a cell+ell

basis) much greater than that of spleen cells. The macrophage cell line, J774, and the B cell

hybridoma, L5, failed to function as APC. This might have been due to a lack of costimulatory

factors from these cells, as it has been shown that the induction of normal T cell proliferation

requires not only recognition of the MHC-antigen complex by the T cell receptor, but also a non-

specific and non-MHC restricted signal(s) (reviewed by Geppen et a|.,1990). The cytokine IL-1

is one such costimulatory molecule required for the stimulation of some T cell subsets (Durum

et a1.,1985). However, the 1774 cell line constitutively produces IL-l and exogenously-added

IL-l did not convert L5 hybridoma cells into stimulatory APC (data not shown). Therefore, other

accessory molecules, or a combination of IL-l and others, might be required to induce

proliferation of 18 kDa protein-primed T cells, or, although both 1774 and L5 expressed surface

MHC class II presenting structures (data not shown), there might be defects in either processing or

presentation of the 18 kDa protein in these cells.

4.1.3 Class of Immune Response

Mosmann and colleagues (1986) have defined subpopulations of T helper cells, based on

cytokine secletion profiles from long-term alloreactive and antigen-specific murine T cell clones.

These T cells possess a quite different immunological function upon antigen recognition

(Table 4.1). However, recent data have revealed the existence of other subpopulations. Resting

T cells secrete mainly IL-Z when first stimulated and then acquire the ability to synthesise other

cytokines (Street et a1.,1990). A new murine T cell subset, Tg0, with an unrestricted panern of

cytokine secretion has been identified from newly isolated T cell clones (Firestein et al., 1989).

They suggested that TpO cells are an uncommitted precursor which could develop into either THI
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or Ts2 cells upon funher stimuration. powers and coneagues (1988) have shown that freshly-

isolated keyhole rimpet haemocyanin (KlH)-primed LNC producefi--z but not IL-4. However'

after an additionar exposure to antigen fo[owed by a rest curnue without antigen, IL-4 production

by these Klll-specific LNC could easily be detected upon stimulation'

Fresh cultures of 18 kDa protein-primed LNC from both high and low responder strains

secreted IL-2 but not IL-4 (Fig. 3.12) and the amounts of IL-2 produced correlated with the

magnitude of T cell proliferative responses of the different strains (Frg. 3.7) and the frequency of

responding T cens (Fig. 3.15). As the cyokine bioassay used in these experiments was capable of

detecting small amounts (50pg/mD of \-'2or IL-4 (Fig. 2.4), the absence of IL-4 was probably

not due to limitation of the assay itself. Alttrough the resuls indicated that T cells responsive to the

18 kDa protein in the proliferative assay displayed a phenotype of Tsl cells, these cells might

differentiate into other cyokine secretion phenotypes upon furthet invitro stimulation'

Table 4.1 Properties of Tsl and Tg2 Cells

THI TH2

CYTOKINE
L-2
IFN.T
LT
GM-CSF
TNF
IL-3
II-4
L-5
IL-6
IL-10

B CELL FIELP
IgM,IgGl,IgA
IgGz"
IsE

DTH

APC PREFERENCE
B Cells
Macrophages

++
++
++
++
++
---

+
+

++
++
++
++
++

+
-.-

++

+l-
++

++
+

++

++

Data raken from Mosmann and Coffman (1989), Gajewski er al. (1989b), and Moore et al' (1990)'
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4.1.4 fmmunological Cross-Reactivity

LNC primed with 18 kDa protein responded in culture to M. leprae and M. tuberculosis

antigens (FrS. 3.13, 3.14), indicating the presence of a cross-reactive T cell epitope(s) between

M. leprae and M. tuberculoslt. The cross-reactivity and magnitude of the responses to M. leprae

and M. tuberculosis antigens in bulk proliferative assays were reflected in the frequency of
responding cells in limiting dilution cultures, which were 5-l0Vo of the frequency of responding

cells to 18 kDa protein (Table 3.1). This contrasts with results of Kaufrnann et al. (L987) where

the frequency of the T cells responding to M. leprae 65 kDa protein were similar to the frequency

to whole M.leprac invito. However, theirresults were achieved using the Ribi adjuvant system

which contains mycobacterial cell wall skeleton in mineral oil. Immunising with the 65 lCDa

protein in adjuvant without mycobacterial protein (FA) resulted only in a small antigen-specific

response. The high frequency of 65 lcDa protein-primed T cells responding to M.leprae antigens

using the Ribi adjuvant system could therefore have been due to induction of T cells reactive with

mycobacterial components from the adjuvant. The results presented in this thesis were achieved

using IFA, which might account for the comparatively low frequency of 18 kDa protein-primed

T cells responding to M. leprae or M. tuberculosis. It was not known whether the T cells

recognising and responding to the 18 kDa protein in the LDA were from the same pool as cells

responding to M. leprae or M. tuberculosis antigens. However, this could be determined by

splining and testing the T cell clones individually for proliferation against all three antigens.

Because previous genetic analyses of murine T cell responses to M. leprae antigen

preparations had identified the C57BL/10J mouse strain as a low responder @ouglas-Jones and

Watson, 1985b). LNC from mice immunised with M. leprae andgen were tested in T cell

proliferative assays andLDA forresponsiveness to M. leprae, M. tuberculosis, and 18 kDa

antigens. LNC from M. leprae-immunised mice responded to both M. leprae and M. tuberculosis

antigens but not to the 18 kDa protein @g. 3.16, 3.17, Table 3.2). In contrast, in Kaufmann's

system (described above) approximately 2OVo of M. leprae-prrimed T cells responded to the 65 kDa

protein (Kaufmann et a1.,1987). There were no H-2-linked differences in bulk proliferative

responses nor precursor frequency differences to M. leprae of all three strains tested.

Douglas-Jones and Watson (1985b) investigated responsiveness to M. leprae using a number of

congenic mouse smins. A dfuect comparison beween their results and those prcsented here was

not possible because, except for C57BU10J, the strains included were not identical.

There are various reasons why M. Ieprae-immune LNC did not respond to the 18 kDa protein

in proliferative assays or LDA. One explanation might be that after one immunisation with

M.Ieprae the numbers of 18 kDa-reactive T cells were not large enough to be detected in a

subsequent proliferative assay. Alternatively, the response was directed against other proteins due
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to competition of peptide-binding to MHC class II molecures of processedproteins. Nevertheless,

the observation that mAb generated from murtiply-immunised mice with M. reprae antigens

recognised the 1g kDa protein (Britton et ar.,lggs), indicates that 1g kJ)a-responsive T helper

cells must be stimulated by M . Ieprac antigens but may not initially constitute a significant fraction

of the responding PoPulation.

4.1.5 T Cell Epitopes of the 18 kDa Protein

The proliferarive response to native 18 kDa protein and synthetic 18 kDa peptides were

investigated in order to identify T cell epitopes possessed by this protein' Mouse strains were

either immunised with intact 1g kDa protein and challenged with synthetic peptides invitro, or

immunised with individual 18 kDapeptides andchallenged with intactprotein'

The fust method revealed that very few (one to three) regions elicited a proliferative rcsponse

fo[owing priming with the whore protein and that the regions differed depending on the mouse

strains tested (Fig. 3.18, 3.19). The response of H-2d (BALB/cJ) and H-2b (BALB'B) LNC was

focused on a region consisting of the essential a.a- 116-120' Because most functional T cell

epitopes can be defined by a minimum length of 8-12 a.a. (Livingstone and Fathman 1987'

Rothbard and raylor lggg), additional a.a. outside the core region of 116-120 were presumably

important for binding to the MHC molecule and stimulation of T cells' but the precise natue of the

epitope was not determined. The cszBL/lOJ Gt-2b) mouse strain responded predominantly to

peptide 16-35 and B10.BR GI-2k) mice responded strongly to low concentrations of peptidc

31-50, as well as to peptides 1-20 and 121-140. This indicated an MHClinked responsiveness in

which different T cell epitopes comprised immunodominant regions for different mouse strains' A

link between immunodominance and MHC restriction has bcen previously reported for a number

of other non-eukaryotic proteins, such as influenza hemagglutinin (Hackett et al" 1983)'

staphylococcal nuclease (Finnegan et a1.,1986), and p-galactosidase (Knych et a\" 1982)'

when mice were immunised with peptides to identify those regions capable of inducing

proriferative T ce[s tn vivo which courd rccognise the 1g kDa protein upon challenge in vitro, a

different spectrum of reactivity was revealed (Flg. 3.20,3.21)' The immunodominant peptides of

l8 kDa protein-immunised mice (106-125 and log-125 in H-2d haplotype, 31-50 in H-2r

haplorype mice) elicited a strong proliferative responsc to the 18 kDa protein following pepti{e

immunisation. Further, the response to additional peptides indicated. that the 18 kDa protein

possessed a number of potentiat T cell epitopes. similar findings have been reported using HEL

and myoglobin as antigens (Gammon et al.1987, Bren er ar. 1988).
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The in vitro non-responsiveness of the 18 kDa protein-primed T cells to these other

immunogenic peptides were therefore unable to be explained by: (i) absence of peptide-specific

T cells in the repertoire, (ii) failure of the peptide to bind and be presented by MHC class II
molecules of the haplotype concerned, or (iii) destnrction of these epitopes during processing. A

more likely explanation would be that T cells specific for these peptides were not activated because

of invivo competition with the immunodominant peptide (Adorini et al., 1988). Alternatively,

peptides generated during invivo processing of the 18 kDa protein may contain flanking regions

outside the epitope which interfered with binding to MHC class II molecules (Brett et a1.,1988).

It should be noted that some peptides did not elicit a T cell proliferative response in any of the

mouse strains t€sted. This non-responsiveness might be due to: (i) inability of peptide to bind the

MHC class II haplotype involve4 (ii) inability to be recognised (absence of responding T cells),

(iii) in vito processing of the 18 kDa protein destroying the epitope concerned, or (iv) in vivo

stimulation of a T cell subset which did not respond in this assay.

4.L.6 T Cell Epitope Mapping using Algorithms

A number of algorithms have been devised in an attempt to prcdict potential T cell epitopes of

proteins. The methods of Margalit et al. (1987) and Rothbard and Taylor (1988) prcdict regions of

a protein likely to be immunogenic based on structural features, whereas Sette er al. (1989) have

proposed a motif based on a.a- sequence patterns which interact with I-A or I-E class II MHC of

the H-20 haplotype. When these algorithms were applied to the 18 liDa sequence and results

compared with experimental results (section 3.3) each prediction algorithm successfully identified

some epitopes, but not others (Fig 4.1). However, taking all algorithms together, T cell epitopes

seen by atl thrce strains of mice were identified exceptforpeptide 79-98, which was immunogenic

in H-2d mice. Further, the motif of Sette et al. (1989) predicted the I-A- and I-E-restricted regions,

a.a. l1l-118 and 120-124 respectively, of the 18 kDa protein. These regions were identified by

18 kDa protein-primed H-2d LNC, which responded to peptides 111-125 (RLP-41) and 106-125

(Fig. 3.18, 3.19), and the proliferative rcsponse to the 18 kDa protein was shown to be both I-A-

and I-E-rcstricted (Fig. 3.10).

These algorithms have been developed to identify helper T cell epitopes. Although, the

algorithm developed by Margalir et al. (1987) successfully identifred two epitopes of influenza

nucleoprotein recognised by both human and murine cytotoxic T cells (fownsend et a1.,1986), the

18 kDa-specific cytotoxic T cell epitope (a.a. 79-98) identified in H-2b mice (Fig. 3.22) was not

predicted by any algorithms.
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Figure 4.1 pr,edicted T cell epitopes of the l8 lcDa protein and a summary of responses to the 18 kDa protein

and peptides. holiferative LNC responses eliciting a sI >1.5 in proliferative T cell assays have been gouped

acccding ro H-2 haplory,pe and displayed above the aa s€quence of the 18 kDa protein (data raken from section 3'3)'

The 18 kDa a.a. sequence was analysed to identify antigenic T cell sites, using the Tsitss computer program of

Feller and de ra cruz (rgl), and the result displayed berow rhe lg kDa protein- The itsites program combines four

different T cell epirope searching algorithms. (=) The motif by Margalit et at. (1987) identifies peptides wittt

amphipathic a-helix potential (only pe,prides with ur amphipathic score of >? displayeO' (s ) The algoritbm

by Rotrbard and Taylor (1983) identifies motifs of four a-a (charged or glycine' hydrophobic' hydrophobic' polr or

glycine) or five aa. (charged or glycirrc, hydrophobic, hydrophobic, hydroptnbic or proline' polar or glycine)' based

on correlation berween known stimulatory peptides. The third and fourth motifs predict peptides with the capacity of

binding murine MHC I-A (g ) and I-E (r ) crass II molecules of H-2d haplotype (seue er aI.' 1989).

4.1.7 A Comparison between T and B cell Responses to the 18 kDa Protein

The B cell response to the 18 kDa protein has been investigated by Doherty etol' (1991)' A

comparison between T cell proliferative and IgG responses to 20-mer pepddes of the 18 lDa

protein in BALB/cJ and B10.BR mice has been summarised in Tabre 4.2. Immunisation with

peptides 1_20, 1G35, and 31-50 induced r ce[s of both strains of mice to respond to subsequent

challenge with the 1g kDa protein. The in vivo immunisation conditions used were identical to

those that red to Igc responses ro these peptides in B10.BR bur not in BALB/cJ mice @oherty

et a1.,1991). For a small peptide tO induCe a specific IgG response, it must contain at least one T

and one B cell epitope. As peptides 1-20, 1G35, and 31-50 each elicited IgG responses in

B10.BR micc, it could be argued that this is an in vivo assay which measures functional T cell

activities for B cell help. However, 1g kDa protein immunisation showed that these peptides

1o9Nl1r2

11r@uE
r20J'jtA
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possessed B cell epitopes recognised by BALB/cJ mice @oherty et a|.,1991) and peptide-primed

BALB/cJ LNC revealed functional T cell epitopes as well. The failure to develop IgG responses in

the BALB/cJ strain might therefore have resulted from extracellular proteolytic degradation of the

B cell epitope, or the activation of a subpopulation of helper T cells that does not induce IgG

responses.

Table 4.2 Comparison of T and B Cell Responses to the 18 kDa Protein

IMMUMSING
PEPTIDE

BALB/cJ B1O.BR

T Celll IgGz T Celll IgG2

I-20
1G35
31-50
4G65
61-80
76-95
91-110
106-125

121-t40
136-148

re
23.
z3
u_
1.4
1.0
1.3

33u
2.6

u
]j
6
LT
1.0
1.0
r.4
1.0
1.4
l.l

>l:200
>l:200
>1:200

>1:200

Data raken from Fig. 3.21. The data reprcsent SI of peptide-fimed LNC challenged with 50 pg/ml of 18 kDa

potein. Underlined values rep'resent a SI of >1.5 and were considered to be a significant response.

Data taken from Dotrerty et al. (1991) and represent IgG tires o the l8 kDa potein of sera from pe,ptide-primed

mice.

Peptide 76-95 induced an IgG response but not a T cell proliferative response in B10.BR

mice. Because the T cell rcsponse was measured against thc 18 kDa proteininvito, the epitope of

a.a.7G95 might not have been generated (or destroyed) during processing in which case T cells

primed with peptide 7G95 would not respond to whole 18 kDa protein in culture. Such a

phenomenon has been shown to occur with the HEL peptide 94-110 (Adorini et a1.,1988). Other

explanations could be that specific T cells did not respond invitro, or that IgG antibody formation

to peptide 76-95 was T cell-independent. Finally, peptides 106-125, I2l-140, and 136148 in

BALB/cJ mice and 46-65 in B10.BR micc induced a T cell response, but not IgG responses. It is
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possible that the responding T cells might not have provided B cell helper activity, or that the

peptides lacked B cell epitopes (Doherty et a1.,1991).

4.1.E Cytotoxic T Cell Responses to the 18 kDa Protein

Antigen-specific CTL were generated by invitro priming. Only one peptide (a-a.79-98) from

the 18 kDa protein sequence induced peptide-specific cytotoxic effector cells (Fig 3.22,3.23).

This response was restricted to the H-2u haplotype mice (Fig. 3.25) and effector cells expressed

CD8 and Thy-1 antigens (Fig. 3.2a). Hosken et al. (1989) provided evidence that recognition of

antigen-class I complexes on target cells by CTLs can occur without internalisation or processing

of exogenously added peptides. Thercfore it was possible ttrat the 18 kDa peptide bound directly

to MHC class I molecules of H-2u haplotype and stimulated CD8+ cytotoxic T cells.

Although there is a possibility that CD4+ helper T cells have to be stimulated in these cultures

as well (Pilanki L977, Roopenian and Anderson 1988), subpopulations of CD8+ T cells exist that

can collaborate with each other to induce cytotoxic rcsponses in the absence of added cytokines or

conventional CDul+ T cells 6ung et a1.,1991). Alternatively, it has also been shown that peptides

possess the ability to bind to both MHC class I and II molecules (tlickling et al., 1990). Thc

peptide 79-98 stimulated proliferative CD4+ H-2d T cells (Fig. 3.20), therefore the possibility

exists that this peptide might have stimulated class Il-restricted CD4+ T cells in the in vitro

cytotoxic T cell cultures and provided the necessary cytokines for the induction of antigen-specific

CTL.

A retrovirus vector, expressing the 18 kDa gene, was used in an attempt to genorate CTL

invivo against the 18 kDa protein. Although mice injected with 18 kDa retrovirus-infected spleen

cells generated neomycin-specific CTL (against the selective marker also present in the

recombinant retrovinrs), no 18 kDa-specific CTL could be demonstrated (Fig. 3.27). Expression

of l8 tDa-specific mRNA was evident in cells infected with the recombinant retrovirus (Fig.2.26)

but no 18 kDa protein could be detected using various antibody labelling techniques

(section 3.4.6). Whether the 18 kDa protein was produced below the detection limit of each

rcspective assay, or whether anti-18 kDa antibodies used fordetection did not bind 1E kDa proein

produced in eukaryotic cells is uncertain at this stage. However, if the 18 kDa protein was being

processed in infected cells it may be that the cytotoxic T cell epitope (a.a.79-98) determined in the

invitro assaysystem (Fig.3.22) wasdestroyedduringintracellularprocessingof the 18kDagene

product. Lyons et al. (1990) investigated antibody responses in mice immunised with vaccinia

virus containing various mycobacterial genes and found that recombinants expressing the

M. leprae 18 kDa and M. tu,berculosrs 19 kDa and 12 kDa proteins were unable to elicit antigen-
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specific antibodies, despite the fact that these recombinants were shown to express appropriate

proteins. Cytotoxic T cell rosponses against these recombinant vaccinia virus mycobacterial

proteins arc under investigation. Further, Klarnet et al. (1989) immunised mice with the Friend

retrovirus-induced syngeneic leukaemia (FBL) and showed that FBl--specific CD8+ CTL were

generated against gag but not env gene products, while CD4* helper T cells from FBl-vaccinated

mice recognised eny but not gag gene products. The recombinant retrovinrs 18 lDa-construct may

not have induced CD8+ T cells, but whether CD4+ specific proliferative T cells were induced is yet

to be determined.

4.1.9 DTH Responses to the 18 kDa Protein

DTH responses to the 18 lcDa protein were investigated in various strains of mice using a

footpad swelling method first described by Gray and Jennings (1955). In contast to proliferative

T cell responses (Fig. 3.7), all mouse strains produced in vivo DTH responses of similar

magnirude (Fig. 3.28). While it might be argued that the 24 hour delayed-type hypersensitivity

footpad assay does not have the sensitivity of T cell proliferative assays (Corradin et al.,1977),

other possibilities should be considered. The high and low proliferative responsiveness of

C57BL/10J mice might be because differcnt APC and costimulatory factors are involved in the nvo

assays (van Rooijen 1990, Chang et al. 1990). Alternatively, in vttro T cell proliferation and

invivo DTH reactions might be mediated by different T cell subsets. DTH might be a function

predominantly of Tgl cells, because Tsl (but not Ts2) clones induced footpad swelling when

injected into mice along with antigen, while Tg2 clones were associated with high antibody

production (for review Mosmann and Coffman, 1989).

Few investigators have studied the correlation between invitro proliferative T cells and in vivo

DTH responses and it is not known whether these effector cells are derived from the same

precursor population. A better understanding of the relationship between helper T cells for

antibody production and DTH effector cells exists. Intraperitoneal injection of sheep erytlrccytes

into mice elicited antibody production without DTI{, while subcutaneous injection of thc same

antigen induced antibodies and DTH (Tamura and Egashira 1975), indicating that helper T cells

and DTH-mediating T cells can coexist invivo. A single subcutaneous immunisation with 18 kDa

protein induced strong DTH, while multiple injections evoked IgG synthesis and a reduction of

approximatety SOVo in DTH rcsponses (Fig. 3.29). Selective inhibition of DTH responses without

affecting antibody titre has been demonstrated for human senrm albumin, bovine serum albumin,

and purified protein derivative (Asherson and Stone, 1965) following repeated immunisations.

They called this phenomenon "immune deviation" and suggested that humoral and cell-mediated
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immunity are regulated by two completely separate cell lineages' However' not only the route and

degree of immunisation but the nature of the antigen-presenting cerls invorved might also influence

the resulting phenorype of activated helper T cells (Gajewski et al" 1989b)'

4.1.10 Responses of 18 kDa-Specifrc TCL

A number of murine 18 lcDa-specific TCL were generated and the T cell epitopes recognised

by individual cell rines identified. Arl lg kDa-specific TCL responded to M. leprae antigens, but

the antigen concentration needed was 2-3 orden of magnirude higher than that required for 18 kDa

protein-stimulated responses (Fig. 3.31-3.33), indicating that M' leprae antigens contain

approxima teiy O.l-LVoof 18 kDa protein. Although both cs7BulOJ-derived TCL responded to

residues 106-125 of the 1g IcDa protein, none of the BAlB/cJ-derived TCL responded to this

region. This was surprising, because these residues were immunodominant in polyclonal

populations of H-2d strains (Fig. 3.18, 3.19). The two BlO'BR-derived TCL responded to

peptide 31_50, previously identified as immunodominant in poryclonal experimenrs (Fig. 3.19'

3.2r).

A number of conclusions can be drawn from these observations' First' the peptide 106-125

could bind to Ia molecures of different H-2 haplorypes. A similar phenomenon has been described

for a peptide from the bacteriophage ?,' repressor cI protein Q-ar et al" 1987)' Second' both high

and low responder strains could recognise the same epitope of the 18 kDa molecule' This is in

contrast to the cytochrome c system, where low and high responder mice respond to distinct

peptides (Suzuki and Schwartz, 1986). Third, thc immunodominant rcsPonse seen in polyclonal

assays was not the result of stimulation of one T cell specificity only' Fourth' the epitopes

recognised by TCL were not always the dominant region observed in polyclonal LNC cultures'

The T cell population in long-term cultures might therefore result from one clone that outgows the

others or produces cytokines which inhibit the development of the othel clones' The

immunodominant response of r cells to one region of the 18 kDa protein obsemed in primary

cultures might therefore not rcsult in expansion of T cells with the same antigen-specificity upon

repetitive in vitro stimulation. Finally, cven if the 18 kDa-specific TcL were not clonal' it

appeared that thc response was monospecific, i.e. no TCL recognised more than one region of the

18 kDa protein.

When lg kDa-specific TCL were characterised on the basis of cytokine production

(Table 3.4), two TCL of the six tested fulfilled the criteria for Tsl type designation (Mosmann

et a1.,19g6), whereas possibly all lines produced IL-3. The TCL design atedBlc-Z produced both

IL-2 and IL-4 upon stimulation. Gajewski et al. (1989a) showed rhat2a-3}Vo of OVA-specific
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T cell clones generated in the presence of either n.-2 or IL-2 plus IFN-Tinitiatly produced IL-2 and

IL-4 upon antigen stimulation. Thcse clones later segregated into either Tsl, Ts2, or IL-4ltFl.[-y

phenotypes. The Blc-2 TCL was in culrure for over 12 months and still secreted both IL-2 and

IL-4 upon stimulation, although the possibility exists that the cell line contained a mixnre of.n,-Z-

and Il-4-producing T cells. Half of the 18 kDa-specific TCL produced neither IL-2 nor IL4, but

IL-2 secretion has been rcported to be unstable in some T cell lines (Cherwinsky er a/., 1987). All

18 kDa-specific TCL expressed IL-2 receptors (Fig. 3.30). Although this could be a consequence

of tlre small amounts of n -2 that were added o maintain the lines, all TCL retained their antigenic

specificity and proliferated in response to the l8 kDa protein without the addition of any cytokine.

The cytokine-producing pattern presented in this thesis has only considered the cytokines IL-2,

IL-3, and IL-4 using bioassays. The sensitive assay of polymerase chain reaction (PCR) and

cytokine-specific primers is now being used, as described by Saiki et al. (1988), to determine

additional cyokines producedby the 18 kDa-specific TCL.

Various APC populations were tested for their ability to activate the 18 liDa-specific TCL. The

results indicated a difference in APC requirements for optimal stimulation. Comparable growth of

the H-20 TCL could be achieved using either bone marrow-derived macrophages or purified

splenic B cells, except for the Blc-2 TCL (Frg. 3.37). Whether theBlc-Zline needed a mixture of

B cells and macrophages for maximum stimulation, or whether it consisted of two T cell

populations, stimulated by B cells or macrophages respectively, was not determined. The B10.BR

TCL was stimulated by antigen presented by sB-cells, but not BM-M@, whereas the C57BL/10J-

derived TCL did not respond to eithcr APC. In other work, Con A-elicited peritoneal

macrophages and resting B cells have been shown to present antigen to both Tpl and Tg2 clones

(Weaver et al., 1988). They showed that costimulatory molecules were not constitutively

expressed by APC and that fixed B cells required exogenously added IL-l to stimulate Ts2 cells.

In experiments presented in this thesis, exogenous IL-l did not influence the capacity of various

APC populations o stimulate 18'kDa TCL (data not shown).

The cytokine which induces IL-l production in various APC populations has been shown to

beIL-Z for B cells (Hawrylowicz et a1.,1989) and TNF for macrophages (Dinarello et al., 1986).

IL-6 (Monissey er al., 1989) and IL-7 (Garman and Raulet, 1987) have also been reported to

serye as cofactors. It is possible that the 810-1 and B10-2 TCL did not produce thc necessary

APC activators for BM-MO or sB-cells to induce costimulatory factors. Whether BM-MO or

sB+ells in the presence of IL-6 or IL-7 could restore stimulation of the non-responding 18 kDa-

specific TCL by these APC has yet to be explorcd

Page 119



4.2 PERSPECTIVE AND FUTURE DIRECTIONS

For an antigen to be considered as a possible leprosy vaccine candidate it should induce

cell-mediated responses with a minimum of tissue destruction. Ada (1990) has proposed that a

vaccine should meet four immunological requirements, of which three might be applicable for

leprosy. The vaccine should: (i) contain a suffrcient number of different T cell epiopes capable of

inducing cytotoxic and helper T cetl responses in the genetically different outbrcd population, (ii)

provoke a large pool of memory T (and B) cells, (iii) activate APCs to initiate antigen processing

and the production of cytokines. A number of M. leprae antigenic protcins have been identified

which fulfil some of these criteria but as yet none has proven to be a completely suitable candidate

as a protective immunoggn. Morcover, as these proteins have been studied in more detail,

unexp€cted and potentially important findings have emerged about their relationship with normal

human proteins

4.2.1 Stress Proteins as Immunogens

Investigations of antigens involved in the immune rcsponse following infection with M. leprae

andM. tuberculosu have led to the observation that the major target antigens belong o families of

highly-conserved stress proteins (Young et a|.,1988). HSP are probably one of the most studied

of thesestressproteins. TheM.leprae 70kDa,65kDa" 18kD4 l4-l6kDaproteinsallbelongto

such families (Young, 1990) and the M.leprae 28 kDa protein, which shows high homology with

superoxide dismutase enrymes, also shares a number of characteristics with HSP (Colston, 1990).

These mycobacterial antigens were all identified using mAb generated from M.leprae-immunised

mice (Young etal., 1985a). Members of the different HSP families are widely disuibuted

throughout the biological world and are rcmarkably conserved, some with morc than 507o

sequence homology benvcen eukaryotic and prokaryotic counterparts (Jindal et a1.,1989).

The 18 tDa gene and gene product werc initially thought to be M. leprae specific based on the

following observations: (i) the 18 kDa protein, at the nucleotide or amino acid sequence level,

showed no significant homology with other known mycobacterial protcins (Booth et aI.,l988a),

(ii) the monoclonal antibodies L5 and L6 specifically bound determinants only found on M.leprae

(Briton et al., 1985). However, an 18 kDa protein has recently been found in M.labara and

functions as an HSP (Lamb et a|.,1990), and T cell lines fiom M. bovis BCG-vaccinated British

donors respond to the M. leprae 18 kDa protein, indicating at least one cross-reactive epitope

between the M . leprae 18 kDa protein and M. bovis (Doclq'e[ et al., 1989). Recent work in our

laboratory using low stringency hybridisation and PCR techniques suggests that 18 kDa

homologues exist n M. aviuntandM. intracellulore (Booth et aL, pcrsonal communication).

Further, a comparison of the 18 kDa protein with the 17 kDa soybean HSP showed 3l7o seeuence
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identity n 127 overlapping a.a. (Nerland et al., 1988) and the residues 101-116 of the 18 kDa

protein show significant homology with a region of the human HSP27 (Young, 1988).

lnterestingly, the region 110-115 contains a B cell @oherty et a1.,1989) and an adjacent T cell

epitope in mice (Harris et a1.,1989), indicating that the murine immune system preferentially

recognises a region of thc antigen which shares homology with self-like a.a- sequences.

The HSP are major target antigens during infection by a variety of pathogens and may play a

significant role in autoimmunity (Kaufmann, 1990). It has been suggested that self-reactive T cells

are deleted during their differentiation in the thymus (von Boehmer, 1990). It is surprising

therefore that the immune system seems to respond predominantly to the parasitic antigens which

share extensive homology with "self-proteins". Cohen and Young (1991) have proposed a theory

of the structure and behaviour of a self-regulating immune system (nerwork) to account for this.

They suggest that low-grade activation of natural-anti-self B cells (Hayakawa and Hardy, 1988) is

controlled by the network. Because B cells and antigen-antibody complexes bound to

macrophages and dendritic cells are very efficient in presenting the antigen to T lymphocytes

(Lanzavecchia, 1990), microbial-specific HSP with bound anti-self antibodies providing

ready-made help, have a marked advantage over non-self-like antigens in eliciting an immune

rEsponse. Thus, they suggest the attention of the immune system is biased towards recognition of

self-like microbial antigens. These antigens, predominantly HSP, are conserved because neither

the host nor the pathogen can exist without them. During infection, APC specifically take up

antibodies bound to selflike conserved antigens and present two types of epitope of the foreign

molecule to the host's T cells: (i) the self-like type of epitope is recognised by T cells which are

safely regulated by the lymphocyte network, and (ii) a second pathogen-specific tlpe of epitope is

recognised by T cells which aggressively respond because they are not governed by the network.

Auoimmunity occurs when the anti-self response is inadequately regulated.

Cohen and Young (1991) considered that just as the immune response to a parasite could be

misdirected towards self leading to autoimmunity, misdirection of network regulation could

produce inadequate defence against infection. They proposed that the lepromatous form of leprosy

occurs because the immune response is too tightly regulated and directed towards self rather than

to the bacteria. No immunological mechanisms were suggested by the authors, but the following

possibilities ought to be considered: (i) conserved M. leprae-specific epitopes generated during

antigen processing are too similar to self-like epitopes and thus under tight regulation, (ii)

lepromatous leprosy patients possess MHC class II molecules unable to bind M.leprae-specific

antigenic peptides, or (iii) their T cell repertoire lacks M. leprae antigen-reactive cells due to

negative selection. The tissue destmction observed in leprosy patients might correlate with the

high levels of antigen-specific antibodies cross-reacting with self, which might interfere with the
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immune regulation. In addition, auto-antibodies could also induce stress' which may increase

production of HSp to an extent that the host cells themserves become targets of the ani-M.Ieprac

immune resPonse.

4.2.2 T Helper Subsets and Genetic Markers

A second issue, not included in Cohen's and Young's theory, is the regulation of the parasite-

specific immune response. There are now many reports of helper T cells expressing different

cytokine secretion profiles, but the mechanisms that control cytokine synthesis are still not well

elucidated. It might be of great selective advantage whether cels of a Tsl orTs2 phenotype are

activated invivo. Murine leishmaniasis is one animal model wherc specific stimulation of either

Tgl or Tg2 cells occ'rs in vivoand as a result either controls infection or leads to fatal disease

o.ocksley and scotr, 1gg1). Liew etcr. (lgg0) have idenrified a peptide corresponding to a

tandemly-repeating region of a Leishnurua protein which induces disease-exacerbating Ts2 cells in

susceptible BALB/c mice. Although this response was shown to be H-2d-restricte4 susceptible

BALB/c and DBA/2 mice but not resistant B10.D.2 mice (all H-2d haplorypes) responded to this

peptide upon infection with L. major. Mice of other haplotypes on a BALB/c background were

also susceptible to infection. why a Tgl-type of response in resistant strains and rs2-type of

response in susceptible BALB/c mice occurs upon infection with Leislvnania is not clear, but it is

likely that genes outside the H-2 locus conribute to induction of 1112 ce[s in susceptible mice.

Thesc gene(s) might be related to the Bcg, Lsh, and. Iry genes on mouse chromosome 1 which

govern nanrral resistance ro M. bovis, L. donovani, and Saltnnetla typhimuriwn (Skamene et al''

1982). The gene products of this gene-complex are unlcnown, but they might be involved in

regulation of cytokine expression and/or affect the APC' because both cytokines and APC

influence the development of functional Tsl and Ts2 phenotypes (Gajewsh' et aI' 1989a' 1989b)'

Although responding LNC against the 1g kDa protein in both high and low responder strains were

of Tgl type, proliferative T cell assays revealed that the low responsiveness of c57Bu10J mice

appeared to be influenced by H-2linked genes as well as gene(s) outside the H-2locus' High and

low responsivcness to the 18 kDa antigen might therefore also be regulated by Bcg-' I-sh- and lty'

like loci. A chromosomal fragment on mouse chromosomc 1, incruding the Bcg locus, is

homologous to a region on the human chromosome 2q (schu.. et ar.,1991). Preliminary data

provided evidence for a linkage between chromosome 2q polymorphisms and susceptibility to

tuberculosis.

Although human alloreactive orphytohemagglutinin (PHA)-induced cD4+T cell clones do not

generally display the same distinctive Tnl and Tg2 dichotomy of murine T cells, some human Tgl-
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and Ts2-like clones have been described (Umetsu et al. L988, Maggr et al. 1988), but more

frequently resemble the murine TsO pattern (Street et al. L990, Paliard et al. 1988). Recently,

however, human Tsl- and Tg2-like clones have been isolated from patients with various diseases.

The T cells isolated from peripheral blood of patients wittr autoimmune thyroid diseases developed

into Tsl-like clones (producing IFN-T but no tr--4), whereas most T cells infiltrating the

conjunctiva of patients with vernal conjunctivitis developed into Ts2-like clones in vitro

(Romagnani, 1991). Human Tg2-like clones have also been derived from T cells of atopic house

dust mite-allergic donors, in whom elevated serum levels of allergen-specific IgE antibodies arc

commonly obsenred (Wierenga et a1.,1990). Further, most T cell clones isolated from patients

with tuberculoid leprosy specific for the 65 kDa HSP werc associated with a Tsl phenotype

(Oncnhoff et a1.,1991), but whether the Ts2 phenotype is associated with the elevated antibody

levels seen in lepromatous leprosy patient is yet to be determined.

4.2.3 Vaccines and Immune Response Patterns

The M. bovis BCG strain, one of the oldest vaccines still in use, has recently taken on a fresh

lease of life and been used as a recombinant vaccine !o express foreign antigens from a number of

pathogens (Stover et aI. l99I). Vaccination with a recombinant BCG-human immunodeficiency

virus (HIV) construct induced both humoral and cell-mediated immunity (Aldovini and Young

1991). Both groups reported that cytotoxic and helper T cells were activated, and therefore, BCG

as a carier for M. leprae-specific gene(s) might provide a possible effective leprosy vaccine.

Considering the theory of Cohen and Young (1991), it wilt be important to discover which

antigens induce protective immunity and not anti-self responses. Although it has been shown that

an HSP T cell epitope linked to a viral protein markedly enhanced the immune response against the

virus (Cox et al., 1988), Oehen and colleagues (1991) reported that vaccination with a

noncytopathic virus under some circumstances caused disease. Therefore, the immune rcsponse to

a particular vaccine candidate should be investigated in animal models before human trials can be

considered. Unfornrnately, there exists no suitable animal model for leprosy. The athymic nude

mouse is susceptible to infection with live M.leprae and develops a systemic infection (Colston

and Hilson, 1976), which might be useful to study various antigen-specific T cell lines or clones

for tlreir efficacy in providing protective immunity against M. leprae.

Protective immunity against mycobacterial infections in mice is probably a function of both

helper CD4+ and cyotoxic CD8+ T cells (Pedrazzini et aI. 1987, Chiplunkar et aI. 1986) and might

also be influenced by antibody status and related antigen-processing characteristics. Both CD8+

and CD4+ human cyotoxic T lymphocytes against M. tuberculosis 71 kDa andM.leprae 65 and
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1g kDa protein-antigens have been isolated @ees et at. 1988, Mustafa and Qvigstad, 1989)' This

indicates that mycobacteriar-derived peptides are presented in the context of borh MHc class I and

class II molecules, stimulating CD8+ and CD4+ T cells respectively. Two separate antigen-

processing and presentation pathways have been demonstrated which might explain how

intracellular mycobacterial antigens can interact with both MHC class I and class II molecules'

First, it has been shown that solubre proteins rcleased into the cytoplasm of ceus associate with

class I molecules (Moore et al.,lggg) and that antigen-derived cytosolic peptides are Eansported

into the endoplasmic reticulum by a peptide supply factor (Spies and DeMars' 1991)' Antigenic

peptides form a stable assembly with class I heavy chain and p2-microglobutin in the endoplasmic

reticulum beforc transport to the cell surface (Townsend et al" 1989)' Second' it haS been

suggested that antigen-derived peptides associate with class II molecules in the endosomal

comparEnent (Guagliardi et a1.,1990) and that class I molecules do not come into contact with

endocytic compartments during their export from the cell (Neefjes et cl" 1990)' Recent

observations have suggested that the Ii possesses a duar function: (i) association with class II

molecules intracerlurarly, which prevents binding of peptides to the crass II complex during

assembly (Teyton et a1.,1990), and (ii) direction of the class II and Ii chain complex to

intracellular compartments (Lottea u et a1.,1990), where dissociation of the Ii chain makes the

class II peptide-binding site accessible (teyto n et a1.,1990). Tlte M ' leprae bacilli has been found

in intra- and extra-phagosomal compartments (Mor, 1983), which might explain how

mycobacterial antigens can be presented to T cells in the conbxt of both MHC class I and class tr

molecules. Thus, it is conceivable that an effective leprosy vaccine should possess the feature of

inducing CDz[+ and CD8+ antigen-specific T lymphocytes'

ThemurineproliferativeTcellresponseagainstthe18kDaproteinwasfocusedonafew

immunodominant peptides which differed depending upon the mouse strain investigated- If a

similar diversity of immunodominance exists in human responses to M' Ieprae antigens' then

deciding on a candidate vaccine antigen may be very diffrcult. In H-2r mice the dominant peptide

represented the a.a. sequence 31-50 and the response was I-E restrictcd (Fig. 3.19, 3'2t,3'31,

3.36). Ofnrng et al. (1990)have reported that a peptide consisting of a'a' 38-50 stimulated 18 lDa-

reactive human cD4+ T cell clones which were restricted to recognition of the antigen in the

contoxt of the HLA-DR4 phenotype. Ktein (1986) suggested that evolution of MHC class II genes

indicates that the human DR region is closery rerated to mouse I-E genes. It would therefore be of

interest to know whether the frne specificity of essential a.a.within peptide 31-50 in the response

of murine H-2k- and human HlA-DR4-resuicted r cells are similar. synthetic peptides with

single a.a. mutations could be tested in a proliferative assay to assess residues important for

binding to the class Ir moleculc (agretope) and for binding to the T cell rcceptor (epitope)'
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4.2.4 Final Comments

What emerges from results of the experiments described in this thesis together with a

consideration of related published work by others is the need to develop an assay for determining

functional phenotype of responding T cells in vivo to a protein of interest. What governs

regulation of helper T cell subsets in vivo? Do different phenotypes exist side by side? Are Tsl or

Ts2 phenotlpes prcferentially induced depending on the degee and route of immunisation? Is

there a pool of pr€cursor cells prc-programmed o become either Tsl or Ts2 phenotype, or do they

have the potential to differentiate into either Tnl or Tlr2 phenotlrye depending on activation factors

such as cytokines produced early in the immune response? Finally, can the functional phenotlpe

of a mature effector T cell be converted from Tsl to Tg2 type and vice versa?

The answers to all these questions could be of major importance in developing methods for

combating the etiological agent of leprosy, M. leprae, and other intracellular parasites where

cell-mediated responses of Tgl type more than Tg2 type appear to play an important role in

protective immunity.
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